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ENGINEER’S AND HECHAN IC S 


ENCYCLOPAEDIA. 


IHINGLASS. a solid glutinous substance, almost wholly gelatine, prepared 
chiefly from a fish of the sturgeon kind, caught in rivers of Kussia and Hun- 
gary. The belluga yields the greatest quantity, as being the largest and most 
plentiful fish in the rivers of Kussia ; but the sounds, or air bladders of all 
frosh-watcr fish, yield, more or less, fine isinglass, particularly the smaller sorts, 
found in prodigious quantities in the Caspian Sea, and several hundred miles 
beyond Aslracan, in the Wolga, A'aik, Don, and even ns far as Siberia. The 
following is the usual mode of preparing isinglass ; — The sounds, or other parts 
of which it is to be made, are taken from the fish while sweet and fresh, slit 
open, washed from their slimy sordes, divested of every thin membrane which 
envelopes the sound, and then exposed, to stiffen a little in the air. In this state 
they' are formed into rolls, about the thickness of a finger, and in length accor- 
ding to the intended size of the staple; a thin membrane is generally selected 
for the centre of the roll, round which the rest are folded alternately, and about 
half an inch of each extremity of the roll is turned inwards. The due dimeij» ‘ 
sioiis being thus obtained, the two ends- of what is called short staple are pinned 
together with a small wooden peg ; the middle of the roll is then pressed rwlittle 
downwards, which gives it the resemblance of a heart-shape ; and thus it is l«id^ 
on boards, or hung up in the air to dry. The sounds which compose the long 
staple are longer than the former ; but the operator lengthens this sort at plea- ' 
sure, by’ interfolding the ends of one or more pieces of th^ sound with ^ch 
other. The extremities are fastened with a peg likq^ the former, bpt the 
middle part of the roll is bent more considerably downwards; and in order to 
preserve the shape of the three obtus? angles thus formed, a piece of round 
stick, about a quarter of an inch in diameter, is fastened in each angle with small 
wooden pegs, in the same manner as the ends. In this state it is permitted ta, 
dry long enough to retain its form, when the pegs and stjpks are taken out, and - 
the drying completed ; lastly, the pieces of isinglass are collocated in row?, b * 
running packthread through the pegholes, for convenience o5j| package and 
exportation. The common kinds of isinglass, called the “bock” and “ordinary ^ 
staple,” are compo^d of the membranes, which will not admit Sf similar for- 
mation with the preceding ; the pieces, therefore, after their sides are frldad 
inwardly, are bent in the centre in such manner that the opposite sides 
• Sle the cover of a book, from wh%ice its name; a peg being rim atross the ' 
fiddle, fastens the sides together, and thus it is dried like the former. Th^s 
sor?is interieaved, and the pegs run across the ends, t?ie better to ^reVejit its , ' 
unfolding. Ichthyocolla, or isinglass, is one of the purest and fijiest ^ the * * 

, an^AI glues, of no particular ♦mell or tastd.’ Beaten into tlu’eads,‘it,t];ssolves 
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IVOI4Y. 


^^irclt v rtiadily in boiling w#cr or milk, nml forms a gelatinous substaace, which 
y^lils a niikl nutriment, am! proves useful, meJicinallv, in fcme disorders. 

’sv IVOftY. - Til e tusk of the male chpliant. It is an intwncdiutc si^st.uice 

between bone and linrn — hard, solid, white, and capable of takin^n gbod 
^Vjiolish.**'! lie finest, whitest, and most compact ivory comes from Ceylon, \idiicb, 

* it is obseivcij, keeps its colour better, and therefore bears a bigber \aluc than 
the b'orv of Guinea.^ The article is chiefly consumed for the bandies of kniw-, 

• for orn^idVita^nteiisils, instruments, cases, bo.xcs, balls, combs, dice, slabs for 
miniature painting.s, and an infinity of toys, 'llic coal of ivory is also used 
in the under the denomination of ijory black. The tooth of the sea- 
horMU^ -.Vff Bailed ivory, but from its extreme hardness it is ran ly^ivoiked but 

•~^'ii;r makitu; arSfei.?! tcf’tb, for which purpose it is admuably adapted, on, 
a.'count of the extrcirjj'Iy bard steel-like white cnifbicl which covers it. Tiie 
sbavldgs of ivory procured from the ivory turners, for domestic use, are boded 
iji water, in the same manner ^s hartshorn shavings, and form a jolly inferior 
to none* AnJ pia#e of ivory, scraped into shavings, will answer equally well 
to sending to the turners, which is not always practicable. In the manufac- 
tming (it various articles of ivory and hone, a difticulty is experienced on 
account of tligir brittleness; they are therefore softened by submitting them 
to the action of aquafortis for twelve hours, and subsequently, it is said, to the 
•‘ juice of berries,” to preserve the colour. They are thus rendered so soft and 
pliant, as to take an imjiression from a dye. They are hardened agj>m hv im- 
mersing them in strong vinegar for four or five hours. When ivory is di.s- 
cohnired, it may he whitened or bleached by steeping it in a strong solution of 
alum. Tlie ivory should then he covered with cloth, to prevent it from drying 
too quickly, which renders it liable to split. 

Ivory is stained of various colours in the following manner; lied. — Take a 
quarter of a pound of the cuttings of scarlet cloth, half a pound of soft 
soap ; let the soap he well rubbed into the cloth ; then put them into an 
earthen vessel, and pour upon them two quarts of water ; afterwards, boil them 
for a considerable time, which will extract all the colouring matter. The cloth 
may then be taken from the vessel, and the coloured liquor pressed out. The 
ivory to he stained is now to he dipped in aquafortis, then in cold water, and 
from thence into the dye, whilst it is warm, which will stain it of a beautiful 
red. Yeliou '. — Boil the ivory in a solution of one pound offclum in two quarts 
of water, then immerse them for half an hour in a liquid prepared by boiling 
luilf a pound of turmeric in a gallon of water, until it be reduced to three quarts, 
and afterwards plunge the coloured substance into alum water. Green. — The 
(He Ijatii for this colour is best made of a solution of verdigris in aqua forti.s; 
tli^ process, in other respects, may he the same as that described for j ellow. 
•’’’Jih'.e . — Dip the ivory that has been made green into a hot and strong solution 
, of pearl ashes, which will turn it to a fine blue. Purple. — Dissolve one ounce 
of sal-ammoniac in four ounces of aqua regia, to form the dye : prepare the 
ivor^, as in the yellow, by boiling it in a solution of alum.* Ivorv may be 
* sUcereh by immersing a slip of ivory in a weak solution of nitrate of silver and 
letting it remain till the solution has given to it a deep yellow colour • then 
take it out, and immerse it in a glass vessel of clear water, and thus expose it 
in w ater, td the rays of the sun ; in about three hours the ivory acquires a 
mack colour, but the black surface, on being rubbed, soon becomes chan^^ed to 
bri!fiant silver. • = 

- lyOJlY P^'PEJl. The properties which render ivory so desirable a suhiect 
for the miniature painter and other artists, are the evenness and fineness of its 
'gram, its albwikg all water colom-s laid on its surface to be#vashed out with a 
sott Wt^t brush, and the facility with which the artist may scraue oft' the co our 

- ^ fr.yi -ny particular part by means of the point of a knife or other conveniLt 
instrument, aed thuslieigliten and add brillfencv to the lio-fit. i • 

, f » ' r '"s. 

. , ckjectioils to ivoij are-fcs jiigh price, the impossibility of obtainin<i^kes V 
> -ceeding very moderat? dimensions, and the coarseness of giain in tO^ laLcr cf 
_ these; its liability, when thin, to'iarp by ch*ges of the w eathcr, a.ili- 
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I IVORY»PAPER, , 

f ropertv of turning yellow by long exposure to the ligh4, owing to the oil which ^ 
• :t contains.. Traces Aade on the surface of this paper by a hard black lead* 
pencil aw mujh ea*er effaced by Indian rubber than from common dfewing , 
paper, r^ich circumstance, together with the extremely fine lines wlyh its 
hard 5nd even surface is capable of receiving, peculiarly adapts it to? the"^ 
reception of the most delicate kind of pencil drawings and outlines. The 
colonrs laid upon it have a greater biilliancy than when laid upon ivo|;_v, owlhg ^ 
to the superior whiteness of the ground. Colours on ivory are apt to be injured 
by the transudation of the animal oil, a defect which tlic ivory paper is free 
* from. The following is the process given by Mr. Ainslie (of Stratton grov-vd, 
'Westminster,^ to the Society of Arts, for which he was voted tke sura of th’Tty 
guineas.* “ 'fake a quarter (jf a pound of clean parchment cuttings, and put 
' them into a two-quart pan, with ne.arly as much water as«it will hold ; boil the 
mixture gently for four or five liours, adding water from time to time, to sujtply 
the place of tliat driven off by evaporation; then carefully strain the liquor' 
from the dregs througli a cloth, and when cold it will form a sS'ong jelly, 'which 
may be called size No. 1. Ileturn the dregs of the preceding process into 
the pan, fill it with water, and again boil it as before, for four or five hours; 
then strain oft' the liquor, and call it size No. 2. Take three shiets of draw- 
ing p.aper, (out^iU's will answer tlie purpose perfectly well, and being much 
cheaper are therefore to he preferred,) wet them on both sides with a soft 
sponge dipped in water, and paste them together with tlie size No. 2. While 
they are still wet, lay them on a t.ible, and place them on a smooth slab of 
writing slate, of a size somewhat smaller than the paper; turn up the edges 
of the paper, and paste them on the back of the slate, and then allow them to 
dry gradually ; wet, as before, three more sheets of the same kind of paper, 
and paste them on the others, one at a time; cut off with a knife what projects 
beyond tlie edges of the slate, and when the whole has become perfectly dry, 
wrap a small piece of slate in coarse sand paper, and with this rubber make 
the surface of the paper quite even and smooth ; 'then paste on an inside 
sheet, which must be quite free fiom spots or dirt of any kind, cut off the 
projecting edges as before, and when dry, rub it with fine glass paper, which 
will prodtice a perfectly smooth surface. Now take half a pint of the size 
No. 1, melt it with a gentle heat, and then stir into it three table spoonsful 
of fine plaster of Paris; when the mixture is completed, pour it out on the 
paper, and witli a soft wet sponge distribute it as evenly as possible over the 
surface ; then allow the surface to dry slowly, and rub it again with fine glass/ 
paper. Lastly, take a feiv spoonsful of tlie size No. 1, and mix it with 
thiee-founhs its quantity of Mater; unite the two by a gentle heat, and w^tien 
the mass has cooled, so as to be in a semi-gelatinous state, pour about onJ- x 
third of it on tlie surface of the p.aper, and spread it evenly with the sponge ; 
when this has dried, pour on another portion, and afterwards the remainder ; 
when the whole has again become dry, rub it over lightly witli»fine glass-pap«r, 
and the process is completed; it may accordingly be cut ^way from the slab of 
slate, and is ready 'for use.” The quantity of ingredients above mentioned is 
sufficient for a piece of paper 171 by inches. Plaster of Paris gives a per- 
fectly white surface ; oxide of zinc, mixed with plaster of Paris, in tjie propor- 
tion of four parts of the former to three of the latter, gives a tint very nea’•^"^ 
resembling iviji'y ; pr cipitated carbonate of bar_\ tes gives a tint intermetyate ^ 
between the two. « 
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•JACK, in^Mechanics, a portable mathine for raising vreat weights thipngh .7^ 
small space. It consists of a rack and pinion inclosctj witlwn a stroilg wesden 
case* tyid the power is applied bv means of winch or handle fixed upo<r' the 
8xis#f the pinion; the upper ei?(l of the rack is formed into two hornr^to t^ake 
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the ■better hold of tlie arftcleto be elevated; and from llicjower end, twopronps 
^jToject laterally through a longitudinal groove in the caie^which aje used uporf 
occasions when there is not room to introduce the jack beneath theSoail- To 
prevept the labourers being overpowered, there is a ratchet-wheel ami jiall on 
"'“the 2x19 of the pinion. 

JA*CK (Kitche.s). a machine in which the descent of a weight is m^le to 
tufb a spit. The ordinary construction is represented in the annexed sketch, 
which' may be briefly described as fol- 
low !; — a is a barrel, round which is 
coiled a line of considerable length ; 
the other end o^ th^s line is reeved 
through two threefold or fourfold pul- 
leys, a b and c, genefally placed against 
the^outside of the house, and at a consi- 
derable height, so as to allow flie greater 
range 'for the wMght d attached to the 
lower block c to act in. Upon the 
spindle of the barrel is fixed a pulley 
e, and a sifnilar one is also fitted to 
the spit g, and round these two pulleys 
passes an endless chain. The weight d 
being sufficient to overcome the friction 
of the machine, descends slowly, and un- 
coils the line by turning the barrel round, which causes the spitlikewisc to revolve. 
To render the motion equal, and to prevent the jerks wliich would arise in the 
case of the meat being unequally spitted, so as to act with more force on one 
side of the spit than on tlie other, a wheel of about forty teeth is placed on the 
axis of the barrel, and works into a double thre.aded screw, placed upon the 
spindle of the horizontal fly, which tbiis performs a revolution for every two 
teeth of the wheel, or twenty revolutions for one of tlie barrel a, and by this 
great velocity prevents any alteration in the motion of the barrel. When the 
weight has descended through its range, it is wound up by a handle which can 
be fixed on a square end of the barrel spindle. Tlie Chinese crane would, per- 
haps, he found a superior arrangement to the treble or fourfold blocks, as the 
friction is considerably less. 

JACK (Smoke). Another contrivance for the same purpose as the former, 
but acting not by a weight, but by means of the smoke or rarefied air passing 
up the chimney, which striking against a set of oblique vanes, fixed to a ver- 
ticM spindle, causes it to revolve with great rapidity. Upon the spindle is fixed 
, a small bevilled wheel working into another small wheel placed upon a horizon- 
tal axis, which has a screw cut upon the other end of it ; this screw works 
into a wheel on the axis of the pulley that drives the spit : the latter is thus 
esrried slowly r«and. The vanes should be placed in the narrow part of the 
chimney, where the fnotion of the smoke is swiftest, and sfipuld occupy nearly 
the whole space, so as to intercept th* greatest part of the current. 

.JACK IN THE BOX. A large wooden solid screw, turning in a hollow one, 
which forijis the upper part of a strong wooden box, shaped like the frustrum of 
£ - a pyramid : it is used by means of levers, passing through holes in it as a 
_ press in packing, ami for other purposes. • ’ 

jAMB-PQ^TS. The side posts of doors. Mr. T. N. Parker 
having notifcd how rapidly the lower ends of door-posts 
I decayed wher^ they are exposed to wet, contrived a cast-imn 
soc^t for Tliem, which is much used in Shropshire, and might 
th" ^nerally introduced with advantage. The sketch in the 
» ^i^ned rat repraents one of them heai^ifully cast by the 
Colebrosk-Dale Company; the weight of them is only Tibs. 

are retailed in Oswestry at 2irf. the pound. 

^ Wh^ thS increased durtlbihty and strength conferred by 

P'}''* i briilding, is considered,* tfleir, 

j ^ iiiink, form an impediment to their employment. * * 
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JAPANNING. The art of painting and varn.ihing, after the manner ^ 

, originally practised jpythe natives of Japan, in the East Indies. It is employe® 
for the jjurpos* of Reserving and beautifying various articles, usually (X wood , 
and *in|^, as well as of paper, leather, and cloth, when they are pjpperly < 
prepa»ed for the purpose. Those articles we most commonly find japalined.*^ ^ 
are pieces of household furniture, cabinet work, boxes of all kinds, ‘trays, 
screens, &c. and, very generally, those articles made of an}* of the alyive-n1%n- 
tioned or similar materials, which it may be desired to preserve from moisture ; ' 

and this it is admirably adapted to effect, from its drying very hard, and being 
impervious to water at all moderate temperatures, even to boiling in some 
• cases ; but Jl may be employed on any dry' substance ^hat is sufficiently 
jpflexibh; to prevent the japan coating from being cracSed or forced off. The 
true japan, or that said to used by the natives of Japan and China, is a 
sort of varnish or lacker peculiar to itself. It is sometimes brought over to 
this country ; but on account of the injury arising from its poisonous qualities, 
to those persons employed in working with it, is now seldouS used. It is the 
juice of a peculiar tree growing in those parts, and is collected by making an 
incision into the lower part of the trunk of the tree, and placing vessels under- 
neath to receive it. This juice has the appearance of cream whe» it first runs 
from the tree, but on exposure to the air it becomes black. It is prepared for 
use by submitting it to the action of the open air in shallow vessels, and is kept 
constantly .stirred for many hours, so that by having all parts equally exposed, 
it may become of a uniform deep black. A portion of well-charred wood 
reduced to a fine powder is added, and it is then fit for use. The Japanese 
first spread it thinly and evenly over the body intended to be japanned, and 
then dry it in the sun. If necessary, another coat is laid on, and dried as 
before. It very soon becomes haider than most of the substances on which it 
is laid. As soon as it is sufficiently hard, it is polished with a smooth stone and 
water, until it becomes as smooth and even as a plate of glass, and then wiping 
it dry, it is ready to be varnished, except when figures or other omaments are 
to be drawn on it in gold or silver: in that case, the form of the figures or 
other ornaments is to lie traced on the work with a pencil, in the varnish noticed 
below. 'SVhen this varnish is almost dry, the gold or silver leaf is to be laid 
on ; the whole is then ready to receive the varnish, or finishing coat, which 
must be spread on thin, and" as evenly as possible. This varnish is a particular 
sort of oil procured in Japan, boiled and mixed with turpentine. When 
any other colour than black is desired, the proper colour must be mixed with , 
the varnish, and the whole spread on, particular cate being taken tliat it he 
laid on evenly. The above is the method of japanning said to be practisedTby 
the natives of Japan. Our method dlfters from it considerably ; it is less 
durable, but its practice is not so injurious to the health. W'e in some cases 
employ a priming or under coat for the purpose of filling up any inequalities, • 
and making smooth the surface to be japanned ; but at other times the primiijg 
is altogether omitted, the coloured varnish or proper j^pan ground loping 
applied iinmediatef}' to the substance to be japanned. The former is the 
niethod that was usually practised, and slill is, in those cases when the surface 
is very uneven and rough ; but when the surface is smooth, as in the case of 
metals, smooth grained wood, &c. it is now always rejected. The advantage of 
using the priming or undercoat is, that it makes a saving in the quantity of 
varnish used, because tlie matter of which the priming is compose^ fills up tlie 
inequalities in the surface of the body to be varnished, and r»akt*i it easy, by 
means of rubbing and water polisbing, to piocurc an even surface for the , 
varnish. This was, ttherefore, such a convenience in the case of ?ough and 
uneven surfaces, that it became an established method, and is still retainel in , 
many instances. There is, however, this inconvenience aljvays atteiidinj^A'* 
*use of priming or undercoat of siz^and whiting, that the japan co'hts of var- 
nish ^iid colour will be coiistantl}' liable to be cracked and peeled off b^' any* 
violence, anS will not endure near so long as the bodie? jajianiied in*the s»ine • ^ , 
manner, but without the priming. This may^be easily observed by c^omp^ing 
thosj articles that have been soAe time in wear, espe^ally snuff-boxes,, in the 
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japanning of whicli tiie piiming has been used, with those in whicii it h.-is been 
bmitted ; the latter ncVer peel or crack, or siitfcr daiiu'^'e, uiilei^ by great i 
violenfe, and such a continual rubbing as wastes away ttie substanc; of the 
varnish, while the japan coats of the former crack and fly off in Hak^.. wiien- 
Wer^my knock or falh especially at the edges, exposes them to injury.' The 
Birmifigham mamifacturers who originally practised the japanning only on 
m^als, t<j which the reason before stated for the use of priming did not ap])l}’. 

* and who took up this art of themselves, as a new thing, of course omitted at 
first the use of any such undercoat, and not finding it more necessary in tlie 
instance of papier marhe and some other things, than on metals, continue still ’ 
to reject it ; on wljich account the boxes and other articles of tftcir mamif.ic- ' 
ture are, with regard to the wear, much better than those on which lhe^)riniiny 
is still used. • 

Having thus noticed the method originally pr.ictiscd, and the chief variation 
in the methqd now employedr we shall pass on to the m.anner of proceeding 
with tile work to^e japanned ; the first in order will be the — 

Priming. — The priming is a composition of strong size and whiting, 'i’lie 
size should be of a consistency between the common double size and glue, and 
mixed with S! much whiting as will give it a good body, so as to hide the sur- 
face of whatever it is laid upon. But when the work is of a more particular 
kind, it is better to employ the glover’s or the p.archmcnt size, instead of the 
common, and if about a fourth of isingl.ass be added it will be still better, and 
if not laid on too thick, will be much less liable to pee! or crack. The work 
should be prepared for this priming by being well cleaned, and brushed over 
with hot size, diluted with two-thirds of water, provided it be of common 
strength ; the primitig shoidd then be laid on with a brush as evenly ns pos- 
sible, and left to dry. If the surface be tolerably even on which the priming is 
used, two coats of it laid on in this manner will be sufficient ; but if on trial 
with a wet rag or sponge it will not receive a proper water polish on account of 
any inequalities not sufficiently filled up, one or more coats must he given it. 
Previous to the last coat bein^ laid on, the work should be smoothed by Tubbing 
it with the Dutch rushes, or fine glass paper. When the last coat is dry, the 
water polish should be given, by passing over every part of it with a fine rag 
or sponge moistened, till the whole appear perfectly plain and even; the 
priming will then be completed, and the work ready to receive the japan 
ground, or coloured varnish. But when wooil or leatlier is to be japanned, the 
' , latter being first securely stretched on a frame or board, and no priming is 
used, the best preparation is to lay on two or three coats of coarse varnish, 
prepared in the following manner; “ Take of rectified .spirits of wine one pint, 
and of coarse seed-lac and resin, each two ounces. Dissolve the seixi-lac ami 
resin in the spirit, and then strain off the varnish.” This varnish, like all 
others formed of spirits of wine, must be laid on in a warm place, and all 
dampness shouli be avoided ; for either cold or moisture chills it, and thus 
prevents its taking pfoper hold of the substance on which it is laid. When the 
work is so prepared, or by the primingwith the composition bf size and whiting 
before described, the proper japan ground must be laid on. “ 

Japan Grounds. — The proper japan grounds are either such as are formed bv 
. .^be varni^ and colour, where the whole is to remain of one simple colour or 
by the varnish with rr without colour, on which some paintin" (jr other deen- 
' ratfcn is afterwards to be laid. This ground is best formed of shell-lac var- 
nish, sand tht colour desired ; except in the case of white, which requires a 
, peculiar treatment, as we shall presently explain, or when great brightness is 
required, fn which case also other means must be pursuet. The followinsr is 

Composition and manner of preparing the shell-lac varnish ; “ 'Take of the 

^es^ihell-lac, five ounces; break it Hfto a very coarse powder, and put it info 
a bottlesthal will hold about three pints or Two quarts; add to it one quart of " 
rectified spirits of wine, and place the bottle in a gentle heat, wliere it mu<t 
‘continue two or thrge dajis, but should be frequently well shaken* The f^um ' 
wril,tben be dissolved, and the solution should be filtered throuoh a flaanel 
bagj ?.ud when what wijl pass through freely ft come off, it should be put^nto. 
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a proper sized bottle, and kept caiefully stopped up for use. The bag raaf 
also then jresst^l with the hand till the remainder of the fluid be forced out j 
wh».’b,Jf it be tolerably clear, may be employed for cuaiscr purposes, or kepit ^ 
to bi^afided to the ne.xt quantity that shall be made,” Any pigments rs^mtevee ’ 
may be used tvith the shell-lac varnish, which will give the tint of the ground 
desired, and they may be mixed together to form any conppound colours ; rinit, 
with respect to such as require peculiar methods for producing tlftm of tiie* 
first degree of brigbtnes.s, we shall particularize them below. They should all 

•, be ground very smooth in spirits of turpentine, and then mixed with the var- 
, nish. It sh#uld be spread over the work very carefully and even with a camel- 
hair bsush. As metals never require the priming si?e tnd whiting, tlie 

• ^apan ground may be applied immediately to them, without any other prepa- 

ration than cleaning, except in the instances referred to below. 

Jf'/tite Japa7t Grounds. — The forming a ground perfectly white, and of the first 
degree of hardness, has not yet been attained in tlie art of jjpantiing, as there 
are no substances which can be dissolved, so as to form a very hard varnish, 
but what have too much colour not to deprave the whiteness. The nearest 
approach, however, to a perfect white varnish aheady known, made by the 
following composition ; — “ Take flake white, or white-lead, washed and ground 
up witli the sixth of its weight of starch, and then dried; temper it propeily 
for spreading with the mastic varnish prepared in the following manner : — 
take five ounces of mastic in powder, and put it into a proper bottle, with a 
pound of spirit of turpentine ; let them boil in a gentle heat till the mastic 
be dissolved, and if there appear to be any foulness, strain off the solution 
through flannel.” Lay these on the body to be japanned, prepared either witli 
or without the juiming, in the manner as above directed, and then varnish over 
it with five or six coats of the following varnish ; — " Provide any quantity of tlie 
best seed-lac, and pick out of it all the clearest and whitest grains ; take of 
this seed-lac two ounces, and of gum animi three ounces, and dissolve them, 
being previously reduced to a coarse powder, in about a quart of spirit of wine, 
and strain off tl.z clear varnish.” The seed-lac will give a slight tinge to this 
composition ; but it cannot be omitted where the varnish is wanted to be liard, 
though W’here a softer will answer the end, the proportion may be diminished, 
and a little crude turpentine added to tlie gum animi, to take oif the brittle- 
ness. A very good varnish entirely free from brittleness may be formed by 
dissolving gum animi in old nut or poppy oil, which must be made to boil, 
gently when the gum is put into it. The ground of white may he laid on in this 
varnish, and then a coat or two of it may be put over the ground, but it mn# bo 
well diluted with oil of turpentine before it is used. This, however, is a loyg 
time in drying, and is more liable to injury than the other, from its tenderness. ' ' 
Blue Japan Grounds may he formed of blight Prussian blue, or verditev 
glazed over with Prussian blue, or of smalt. The colour may be mixed \yth 
tlie slieil-lac varnish, as before directed, but as the shell-lac will somewhat 
injure tlie colour by giving it a yellow tinge, where a bright blue is required, 
the method before directed in the ease (Jf white gi'ounds must be pursued. 

For a Scarlet Japan Ground, veimilion may be used; but its effect is mud; 
improved by glazing it over with carmine or fine lake. If, lio'wever, the,,^ 
highest degree of brightness be required, the white varnish must be used. 

For Brighf Yellow Grounds, king’s yellow may he used’ and the efiect wMl be* ’ 
heightened by dissolving powdered turmeric root in the spirit,of l^ine, o^whicii 
the upper or jiolishing coat is made, which spirit of wine must be strained from 
off tlie dregs before^he seed-lac be added to it to foim the varn.Sih.* I'he seed- 
lac varnish is not equally injurious here, as in the case of some other cojours, 
because, being tinged with a reddish yellow', it is little more than an 
• t% the force of the colours. * ^ , 

• Green Grounds may be produced by mixing the Prussian blue, or distilled 
vertKgris, *'ith king’s yellow, and the effect will rendered . exfn^nely* 
brilliant, by la_\ing them on a ground of leaf-giild. Th?y may any of -tlrem » 

• be*i!Bed successfully with gjjod sced-lat' varnish, for the re.ist)ns I'ofore 
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• Orange Coloured Grounds may be formed by mixing vermilion, or red lead, 
with ki^'s yellow or orange lake ; or red orpiment will mal^; a brighter orange 
•ground than can be produced by any mixture. 

• Grounds may be produced by the mixture of lake or vermiUtn with 
* Prussian blue. They may be treated as the rest with respect to the varnish. 

Biack Grounds m^ be formed by either ivorj'-black or lamp-black ; but the 
, dormer is preferable. These may be always laid on with the shell-lac varnish, 
and have their upper or polishing coats of common seed-lac varnish. 

Common Black Japan Grounds on Metal, by means of heat, are thus performed : 
The piece of work to be japanned must be painted over with dr^nng oil, and 
- when it is moderate^ dry, must be put into a stove of such heat as will change 
the oil black without^ burning it. The stove shottld not be too hot when the' 
work is put into it, nor the heat increased too fast, either of which errors would 
make it blister ; but the slower the heat is augmented, and the longer it is 
continued, pr6vid^ it be restrained within a due degree, the harder will be the 
coat of japan. This kind of japan requires no pohsh, having received, when 
properly managed, a sufficient one from the heat. 

The Tortoise-shell Ground, produced by heat, is not less valuable for its great 
hardness, and bearing to be made hotter than boiling water without damage, 
than for its beautiful appearance. It is to be made by means of a varnish 
prepared in the following manner ; — Take one gallon of good linseed oil, and 
half a pound of amber ; boil them together till the oil becomes very brown and 
thick ; strain it then through a coarse cloth, and set it again to boil, in which 
•ptate it must be continued till it acquire a consistence resembling that of pitch ; 
it will then be fit for use. Having thus prepared the varnish, clean well the 
substance which is to be japanned; then lay vermilion, tempered with 
shell-lac varnish, or with drying oil very thinly diluted with oil of turpentine, 
on the places intended to imitate the more transparent parts of the tortoise- 
shell. When the vermilion is dry, brush the whole over with black varnish, 
tempered to a due consistence with the oil of turpentine. When set and firm, 
put the work into a stove where it may undergo a very strong heat, which must 
be continued a considerable time ; if even three weeks or a month it will be 
better. This ground may be decorated with painting and gilding in the same 
manner as any other varnished surface, which had best be done after the ground 
has been hardened ; but it is well to give a second annealing with a more gentle 
heat after it is finished. A very good black japan may be made by mixing a 
^ttle japan gold size with ivory or lamp-black ; this will bear a good gloss 
wiffiout requiring to be varnished afterwards. 

Painting Japan Work. Japan work should be painted with colours in 

* ■ varnish ; and in that case, all pigments or solid colours whatever may be used, 

^ and the peculiar disadvantages which attend several kinds, with respect to oil 

or water, cease with regard to this sort of vehicle, for they are secured by it, 
wJfen properly ^hanaged, from the least hazard of changing or flying. The 
prep&ation of colourl'for this use consists, therefore, in bringing them to a due 
state of fineness, by grinding on a «tone in oil of turpentine. The best 
varnish for binding and preserving the colours, is shell-lac ; this when 
judiciously managed, gives such a firmness and hardness to the work, that if it 
*' ne afterwards further secured with a moderately thick coat of seed-lac varnish 
. it -ssill be almost as* hard and durable as glass. The method ef painting in 
varnish is, hijWever, more tedious than in oil or water. It is therefore now very 
usual in the japan work, for the sake of dispatch, and in some cases for the 
freer use of the pencil, to lay the colours on with oil well ffiluted with spirits of 
turpentine. This oil or japan gold size, as it is called, Vay be made in the 
folding manner Take one pound of linseed oil, and four ounces of gum 
■ ammi ; set. the oil* to boil in a proper wssel, and then add the gum animi , 
^radi^Iy m powder, stirring it well, until the whole be commixed with the oil 
iLet^tbe mixture contimie to boil tffl it appears of a thick consisteme, and,iheh 
. s^ain the whole though \ coarse cloth, and keep it for use. The' colours are 
also Sometimes laid on in gum wa'>er, but the work done in this manner .isoiot 
near ^o durable as thaw done in varnish or oit. However, those tho pr^s^ 
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^ ja])anning .for their amusement only, and consequently may not find 
worth th?ir mliileAo encumber themselves with the prejjarations necessary fur, 
the*ot % methods, may paint with water colouis. If the colours are teniperod . 
with strong isinglass size and honey, instead of gum water, the work will^ot hi 
much inferior to that done by the other method. Water colours aie soiBetiines 
laid on gi'ounds of gold, in the manner of other paintings, jnd look best wiSiout 
any varnish over therri ; and they are sometimes so managed as to have the’ 
effect of embossed work. The colours in this way of painting are prepared by 
•« means of isinglass size corrected with honey or sugar candy. The body with 
. which the #mbossed work is raised, is best formed of strong gum w-ater, 
thickened to a proper consistence with bole annenidli and whiting in equal 
« "parts ; which, being laid on»in the proper figures, and repaired when dry, may 
be then painted with the intended colours tempered in the isinglass size, or in 
the general manner with shell-lac varnish. 

Of Famishing Japan Work. — The last and finishing process ’in japanning 
consists in the laying on and polishing the outer coats of varnish, which are 
equally necessarj' whether the plain japan ground be painted on or not. This 
is generally best done with common seed-lac varnish, except on tjiose occasions 
where other methods have been shown to be more expedient ; and the same 
reasons which decide as to the propriety of using the different varnishes as 
regards the colours of the ground, hold equally with those of the painting ; for 
where brightness is a material point, and a tinge of yellow would injure it, 
seed-lac must give way to the whiter resins ; but where hardness and tenacity 
are essential, it must be adhered to ; and where both are necessary, a mi.\cd 
varnish must be adopted. This mixed varnish should be made of the picked 
seed-lac, as directed in the case of the white japan grounds. The common 
seed-lac varnish may be made thus ; — Take three ounces of seed-lac, and wash 
it well in several waters; then dry it and powder it coarsely, put it, with a pint 
of rectified spirit of wine, into a bottle, so that it be not more than two-thirds 
full ; shake the mixture well together, and place the bottle in a gentle heat 
till the seed appear to be dissolved, the shaking being in the meantime repeated 
as often as may be convenient ; and then pour off all the clear, and strain the 
remainder through a coarse cloth. The varnish thus prepared must be kept 
for use in a bottle well stopped. The whiter seed-lac varnishes are used in the 
same manner as the common, except with regard to the substance used in 
polishing ; which, where a pure white, or great clearness of other colours is in. 
question, should he itself white ; while the browner sorts of polishing dust, as 
being cheaper, and doing their business with greater dispatch, may be used- in 
other cases. The pieces of work to be varnished should be placed near the 
fire, or in a warm room, and made perfectly dry, and then the varnish may he 
laid on with a flat camel-hair brush made for the pui-pose : this must be done 
very rapidly, but with great care; the same>place should not,be passed tw^ce 
over, in laying on one coat, if it can possibly be avoided ^ the best way o/ pro- 
ceeding is to begin in the middle, and pass the brush to one end, then, with 
another stroke from the middle, pass it tb the other end, taking care that, before 
each stroke, the brush be well supplied with varnish. When one coat is dry 
another must be laid over it in like manner, and this must be continTitd at leaty...,, 
five or si.x times. If, on trial, there be not a sufficient tlnckness of varnish to 
bear the polifli, without laying bare the painting or ground colour undernAitli,'* 
more must be laid on. When a sufficient number of coats is^ thJ|^ laid <jn, the 
work is fit to be polished ; which must be done, in common cases, by rubbing 
it with a piece cloth, or felt, dipped in tripoli, or pnn.lceLtone finely 
powdered. But tow'ards the end of the rubbing a little oil of any kind sjsould 
be used with the powder; and when the work appears sufficiently bvigh^^rd 
• ^ossy, it should be well rubbed wi#i the oil alone, to clean*it from»the,powder, 

• and give it a still greater lustre. In the case of white grounds, instead ot thi 
&ip8li, fine^nitty or whiting should be used, but the^ skould be washed bv^r ti-* 
prevent the danger of damaging the work from any s^lnd, or ctlur grsty • 

• nnlltar, that may happen to be jnixed with Siem. It greatly improves afi'^inds 
*of ^pan work to liarden the varnish by mean^ of hc!i, wliich, in evciy ('.-•rc.p 
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tkat it can be applied, shoit of what would burn or calcine the matter, tends to 
give it imore firm and strong texture. Where metals form |he b(^d^,rtherefore, 
^ ''a very hot stove may be used, and the work may be continued in it a cbnsider- 
*able ti!te, especially if the heat be gradually increased ; but whore w^od, or 
papier mache is in question, heat must be sparingly used. 

J43. The projecting frame of a crane, to which the weight or goods pre 
Suspended*; the term is a corruption of gibbet, evidenced by the similarity of 
structure. Jib is also the name of the foremost sail of a ship, 

JIB-BOOM is a continuation of the bowspit forward, being run out from its 
extremity in a similar manner to a top-niast on a lower mast. YhEte is also 
the flying jib-hoonf, which is a boom extending beyond the preceding, by 
passing through two boom-irons fixed to the same# > 

JIGGER. A mach ine consisting of a piece of rope about five feet long, 
with a block at one end, and a sheave at the other, used to hold on the cable 
when iuis heSved^into the ship by the revolution of the windlass. This is done 
by passing the tail round the cable near the windlass, and the hind part of the 
rope, coming over the sheave, is stretched aft by means of another rope passing 
round the jigger block. 

JUNK. Kemnants or pieces of old cable, which are usually cut into small 
pieces for making mats, gaskets, &c. 

JURY-MAST. A temporary mast erected in a ship in the place of the 
proper one. 


K. 


KALEIDOSCOPE. An instrument for creating and exhibiting an infinite 
variety of beautiful forma, pleasing the eye by an ever-varying succession ot 
splendid tints and symmetrical figures, and enabling the observer to render 
permanent such as may appear appropriate for any branch of the ornamental 
arts. This instrument, the invention of Dr. Brewster, in its most common 
form consists of a tin tube, containing two reflecting surfaces, inclined to each 
other at any angle which is an aliquot part of 360°. The reflecting surfaces 
may b?_two plates of glass, plain or quicksilvered, or two metallic surfaces, 
from which the light suffers total reflection. The plates shoifld vary in length, 
dccordin^g to the focal distance of the eye ; five, six, seven,' eight, nine, and 
feo^pnehes, will, in general, be most convenient ; or they may be made only 
ope, two, three, or four inches long, provided distinct vision is obtained at one 
< ■ end, by placing at the other an eye-glass whose focal length is equal to the 
length of the reflecting planes. The inclination of the reflector that is iu 
general most pleasing is 18o, 20o, 22i» or the 20th, 18th, and 16th part of a 
ciAle ; but the jflanes may be set at any required angle, either by a metallic a 
papef, or cloth jomt,^r any other simple contrivance. When the two nlanes 
are put together, with their straighteat and smoothest edgi in contact, they 
will have the form of a book opened at one side. When the instrument is thus 
consfriicted, it may be covered up either with paper or leather, or placed in a 
‘-tylmdrical or any other tube, so that the triangular aperture may be left com- 
,pletoly open and alsd a small aperture at the opposite extremity the tube If 
he eye be pWd at the aperture, U will perceivea brilliant circle of liglit, divided 

conUmed^ ^0 . If this angle be lo , the number of sectors will be 20 • and 
whatever be the form of the aperture, the luminous spaci seen throng tlie 

^Su”?Vpufd tSe'" i-T an^gement of twenty of thjsc 

reVctio^Kln'the'Sshrd sUrf’ ’ 

placed before the aperture tbe/artiTft 

‘ X^-ZioTZ -- also^Tnl^f La "a n! 

auitgh^plLsi^.,^ -‘o « mathematically Lmm^;»al. 

, ^ 5 y I 3 to eye. If the object be put in motion, the comhin»ioii» 



I 


i t KELP. « ' ' 13 

, of images will likewise be put in motion, ami new forms, perfectly tliffereii^, 
but eqijaJly nj’mnfbtrical, will successively present themselves, sojpetimes 
vanishing in the centre, sometimes emerging from it, and sometimes playing* 
around in double and opposite oscillations. When the object is tinned with 
different colours, the most beautiful tints are developed in succession, and the 
whole figure delights the eye by the perfection of its formj, and the brillhjncy 
of its colouring. The' eye-glass placed immediately against the cfid of the* 
mirrors, as well as another glass similarly situated at the other end, is of 
’♦ common transparent glass. The tube is continued a little beyond this second 
• glass, and abits termination is closed by a ground glass, which can be put on 
and oflF* In the vacant space thus formed, beads, piecss ol' coloured glass, and 
• other small bright objects ifte put. Tlie changes produced in their position by 
turning the tube give rise to the different figures. 

KAOLIN. The name given to a kind of earth, which forms one of the 
ingredients in the manufacture of oriental porcelain. T!i% oth^r ingredient, 
which is called petuntse, is easily vitrifiahle, while kaolin is scarcely so ; hence, 
it is said, the action of the fire upon the mixture causes that semi-vitrification 
called porcelain. M. Bomare, W'ho analysed some Chinese kajlin, states its 
composition to he a compound earth, consisting of clay, to which it owes its 
tenacity ; of calcareous earth, whence its mealy appearance ; and of crj'stals 
of mica and quartz. Similar earths to the kaolin are often found in the neigh- 
bourhood of granites. 

KEDGE. A small anchor used to keep a ship steady and clear from her 
bower anchor while she rides in a harbour or river. They are generally fur- 
nished with an iron stock, which is easily displaced for the convenience of 
stowing. 

KEEL. The principal piece of timber in a ship, which is usually first laid 
on the blocks in building ; it supports and unites the whole fabric, since tlie 
stem and stern posts which are elevated on its ends, are, in some measure, a 
continuation of the keel, and serve to connect and enclose the extremities of 
tlie sides by transoms, as the keel forms and unites the bottom by timbers. 

Falsc'keel is a strong thick piece of timber bolted to the bottom of the keel, 
W'hich is very useful in preserving its lower side ; in large ships of war the false 
keel is composed of two pieces called the upper and lower false keels. 

Keel is also a name given to a low, flat bottomed vessel, used in the river 
Tyne to bring the coals down from Newcastle for loading the colliers ; hence 
collier is said to cany so many keels. 

KEELSON. A piece of timber forming the interior of the keel, being daid 
upon the middle of the floor-timbers immediately over the keel, and serviqg 
to bind and unite the former to the latter by means of long holts driven from 
without, and clinched on the upper side of the keelson. 

KELP. A very impure carbonate of soda, obtained by tjje incineration^ of 
sea-weed, and chiefly employed in the manufacture of glass. The cultivation 
of the marine plants for this purpose is now much encouraged, from the 
increased value it gives to those estates Vhich have an extent of coast adapted 
to the growth of the peculiar kinds of weed best suited to the manufacture of 
kelp. There is a very great dilference in the product of soda from different^ 
plants, some yielding as much as 5 per cent, of the alkali, while others, nor 
even 1 per ce^t. Those parts of the coast which are e.xposed to the fu^' of» 
tempests, or to a heavy rolling surf, prevent the plant from tajein^ root. , They 
thrive best in sheltered bays, where the retreat of the tide leaves uncovered an 
extensive surface off rocky ground, to which the plants adhere fiiy iheir roots. 
The plant commonly called tangle is the only one to be obtained in exposed 
situations ; these adhere with great force to the rocks, and are obtained 
• 15w ebb of spring tides; they ar* however of a substantial nature,, and are 
’ considered to repay well for the labour of collecting, which is usually effecteij 
by chttiiig Jliem ott' with a sickle or reaping hook. Th* spring is thp bt’st tirne. 
for making kelp. The marine plants, or sea weeds, are Collected withour <^s- • 
jtiuctifln of kind, under the general term of'»wrack, or verack (whicti ai*? pro- 
bably corruptions of the Ereiieh word iraic),aui! art’first dried in the air*and 
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Sun precisely in the same manner as in the making of hav, being ^rcad and , 
, made tip into cocks and stacks, so as to keep it as much Js po^,ible Jfom tlie 
rainj^are is likewise taken to prevent its getting muddy; and suck^as 'iiiay 
' coUetfthaud in dragging it up the beach, is washed in the waves by meSns of 
pitch-forks or rakes. Experience has determined that the kilns for burning 
vralt shoi^ld not exceed about 3 feet in width inside, nor more than 2 fedi C 
’inches high, but they may be of any convenient length ; usually they are about 
18 feet. In some places holes are dug in the ground to form the kilns, which 
are lined with stone ; but in these all the vraie is rarely completely burned, and 
the unburned portipn yields no alkali. It is now generally deenfed preferable ' 
to erect the kiln on a firm level piece of ground, of such rough stones' as cai) 
be easily got together} and without mortar or cemint, but the windward side of 
the kiln is generally covered up with turfs on the outside, and if the wind be 
violent, on all sides. The process of burning is commenced by igniting some 
furze oV heath in»the kiln, on which the vraic is then thrown lightly in small 
quantities at a time, until the whole body of the kiln is fully ignited. The 
additions are then continued to be made with care, by only throwing on small 
quantities at r. time, where a red hole appears in the mass ; and thus the feed- 
ing is continued until the collection of vraic is expended; then as soon as red 
hdes appear, the less ignited portion is stirred into them. The want of due 
attention to the thorough and uniform burning of the vraic, causes a great 
deterioration in the value of the product. Towards the close of the burning, 
three or four men are usually employed in actively raking the ashes with the 
kelp-irons until the whole contents of the kiln become a semi-fluid mass. 
Sometimes a portion of the kelp will be found congealed to the sides of the 
kiln; this is then removed and worked up with the rest, that it may incorporate 
whilst hot. If after the raking is begun, the materials still continue hard and 
dry, they are allowed to burn a little longer. Sometimes common salt and 
saltpetre are added to the ashes to increase the ignition and bring the ashes to 
the desired semi-fluid consistence ; but this measure is seldom found necessary, 
except when the vraic has been wetted by rain prior to burning. When a new 
burning is commenced, the remaining unfused ashes from the previous operation 
are introduced into the kiln by degrees along with the fresh vraic, but not until 
the fire has become fierce, and the largest and hardest pieces should be put in a 
row along the centre of the kiln. The kelp, after being made, should be care- 
..fully preserved from moisture. In Scotland the kelp makers usually break the 
lumps into pieces of about 2 cwt. each, which are piled into conical heaps, covered 
wita dry vraic, and over all a layer of turf ; this preserves it well until the time of 
^ skipment. Kelp is esteemed of good quality when, on breaking a piece, it is 
hard, solid, and has some reddish and light blue shades running through it. 
When it has none of its peculiar salt taste, it is unfit for making ley, though it 
m%y be of use tc^glass makers. 

K.1JRMES, is an insect found in many parts of Asia and the south of Europe. 
On account of their figure they were a long time taken for" the seeds of the 
tree on which they feed, whence they were called grains of kermes ; they 
also bore the name of vermilion. It has been much used in dyeing worsted 
^_^nd woollen cloth of a scarlet colour, though the preference is given to the 
scarlet from cochineal especially since the discovery of the mode of heio-liten- 
*ingtts tint by the solution of tin. * 

KERMEtsiVlNERAL is usually prepared by 1 pound of common antimony 
with 22j- lbs. of the sub-carbonate of potash, and 20 gallons of water in an 
iron pot, Ifite^tng the liquor w'hilst hot into earthen pan(, and lettino- it cool 
slowly for 24 hours, the kerraes-mineral is deposited in the form of a powder ot 
* purple browij colour. The supernatant liquid, which yields an orange 
coloured, se&imcnt, called the golden su!{)hur of antimony, is much usM * 
Vy the calico printers in the following manner:— They evaporate and crystalKz* 
•the gipernntant liqujir;*tlie crystals are then dissolved in fresh watfr, and with 
* tbit solution, thickened with starch or gum, they print their cloths ; the cloths 
after beifig dried, are passed through a weak a* id liquor, which separates the, 
gi)l*n sulphur and fixes R on tly cloth. , M. Fabroui states that a much finer 
< . ■' • » 
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kormes-mineral may be obtained by employing tartar fn lieu of the alkali* in the ^ 
* usual process, y Th^e or four parts of the tartar are to be mixed with one pai-f 
ot jiovrdered sulphuret of antimony, and exposed to a red heat in a ciucible, ^ 
until jth^i* entire decomposition of the tartar is indicated by the cession of 
fumes ; the mass should then be dissolved in warm water, be filtered, Md leit 
to jool, when an abundance of very fine deep coloured kermes will be deposited 
in the bottom of the vessel. This abundance of the kersnes is, however, fcot 
attended with any diminution of the quantity or brilliancy of the golden sul- * 
j pliuret subsequently obtained by the addition of acid to the mother liquor. 

^ KETCH. ^ A vessel equipped with two masts, viz. the main-mast and the 
mizen-mast, and usually from 100 to 200 tons burthen. ^ bomb-ketch is a 
wessel ngged ketch fashion, jnd equipped for firing mortars. 

KEY. An instrument for opening locks, &c. This* term is applied to a 
great variety of things which it is needless even to enumerate. 

KEY oa QUAY. A long wharf by the side of a harbour, river, or canal, 
furnished with posts and rings, whereby ships and boats may be secured ; also 
with cranes, capstans, and other convenient mechanism for loading and un- 
loading. 

KILDERKIN. A cask that holds 2 firkins or 18 gallons, or 72 quarts. 

Two kilderkins are a barrel, three a hogshead, and six a butt. 

KETTLE. A general name given to variously formed vessels employed in 
culinary and other operations. Mr. D. Gordon introduced an improvement upon 
tliein, which is explained by the subjoined cut. It consists 
simply in inclosing them in an outer casing which surrounds 
their sides, but leaves them open at the bottom for the 
flame of a lamp to act upon it. When heat is applied to 
vessels so constructed, the plate of air between the cases 
acquires such a temperature in the upper part as to be 
capable of melting a rod of glass if passed up the cavity. 

In kettles of the usual construction, a much greater part 
of the heated air escapes, without producing any useful 
effects, than in Mr. Gordon’s, which is proved by water being sooner boiled in 
the latter; an economy of time as well as of fuel is thus obtained. Mr. 
Gordon had various other culinary vessels constructed on a similar plan. 

KILN. A structure or machine designed for drying substances by the appli- 
cation of heat. Their forms are as various as the substances or manufacture for 
which they are designed ; for, although it may be said that a certain kiln will 
answer several purposes, yet for one single purpose we often find a variety of 
kilns employed. 'Ime rewisite qualities in a good kiln are cheapness and dura- 
bility of construction ; efectiveness in producing the required result with the 
utmost economy of fuel ; a perfect command of the temperature, and facility of ' 
working. Ovens must be regarded as of the same class of apparatus as kilns ; 
indeed, the terms kiln and oven are often indiscriminately applied to the s^me 
structure, as may be noticed under several articles in ^his work. Linder the 
head of Lime th^ usual form of lime-ktos is described ; and under Co.4l and 
Irox, several forms of coke ovens. In this place we shall notice an admirable 
combination of both, which was the subject of a patent granted to Mr. Charles 
Heathorn about seven years ago, since which time it has been in successful^ 
operation at,Maidstone and other places. ^ 

Heathom’s Patent Combination of a Lime-kUn iBth a Coke-oven. — The rt)jec» ■ 
of this invention, as expressed in the specification of the pa^enl^s the, prepa- 
ration of quick-lime and coke in the same kiln at one operation. The economy 
of this process miftt be evident from the circumstance, that the inflammable 
part of the coal which is separated to form it into coke, is the only fuel 
employed to bum the lime ; and as the coke is in manyjilaces as valu^l^t -as 
the coal from which it is preparec? the cost, if any, of making kine, must be *■ 
' reduced to the most trifling amount. The engraving on the following paije 
represents'a vertical section of the lime shaft and cpk# ovens : a a are 'the sid* 

■ ‘imal space being fille^^ith • * >. 
bottom, whereo* the* whole 


4 teet thick, ot a rectangular tower, me mti 
• lifie-stone from the top to Ae iron bars h h at 
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column rests. The lime-stone is raised in a box d, or other proper receptacle, 
to the top of the building, by means of a jib and crane e, or,othe^ tacicle, which 
is fixed at the back of the tower, together with a platform projecting* bey,ond 
the wkUs for affording security and convenience for “ landing” the linte-sjone ; 
when’^taised as represented, the jib is swung round, and the lime-box tilted, by 
which the whole contents are thrown down the shaft. The coke ovens,, of 



whi^ there may he ‘.wo, or a greater or lesser number, according to the maa 
mtiide ot the works, are constructed and arranged in connexion with the lim 
sbaft 1I> the same manner as the two represented in the diagram ati^ f. Tlies 
oveni are supplied ^th cdhl through iron doors in the front wall (noi seen i 
f % I*"? narrow horizontal opening i*i fli 

upp^r ptAt of them to adsnt sufficient atmospheric air to cause the combu^io 
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of tlie bituminous or inSammnble part of tbe coal ; the flames proceeding fiom ' 
thence pass ij^to tlje lime shaft through a series of lateral flues (two of whijh 
are^ brought into view at g g), and the draft is prevented from deran|^ng the, 
process In the opposite oven by the interposition of the partition wall which 
directs the course of the heat and flames throughout the whole mass%)f the 
lime, the lowermost and principal portion of which attains a white h?at, tbe 
upper a red heat, and the intervening portions the intermediate gradatidfts of 
temperature. When the kiln is completely charged with lime, the opening? 
in front and beneath the iron bars at ii are closed and ban leaded by bricks and 
an iron-cased door, which is internally filled with sand to effectually exclude the 
air, and pret'cnt the loss of beat by radiation ; therefore, ^vben tbe kiln is at 

• work, ho atmospheric air is admitted but through the narrow apertures before 
mentioned in the coke oven doors. When tbe calcination of the lime is com- 
pleted, the bairicades at i t are removed, the iron bars at bb are drawn out, by 
which tbe lime falls down and is taken out by barrows. It sometimes happens, 
however, that the lime does not readily fall, having caked o» arched itself over 
the area that encloses it, in which case a hooked iron rod is employed to 
bring it down. To facilitate this operation in every part of the shaft whei-e it 
may be necessary, a series of five or six apertures, closed by, iron doors, is 
made at convenient distances from the top to near the bottom of the shaft ; two 
of these are brought into view at i k. Two similar apertures are shown in 
section in the coke ovens at b b, which are for the convenience of stoking and 
cleaving out the Jateral flues g g from any matter that might obstruct the free 
passage of the heated air. When the coals have been reduced to coke, the oven 
doors in front (not shown) are opened, and the coke taken out by a peel iron, 
the long handle of which is supported upon a swinging jib that acts as a movable 
fulcrum to the lever or handle of the peel, and facilitates the labour of taking 
out the contents of the oven. TTie operation of this kiln is continuous, the 
lime being taken from the bottom whenever it is sufficiently burned, and fresh 
additions of raw lime-stone being constantly made at the top. 

Kilns for Drying Corn. — If air and moisture be carefully excluded from grain, 
it may be kept uninjured for an indefinite length of time. This is proved by 
an extraordinary e.xpei'iment made with some Indian c^rn found in the graves 
of the ancient Peruvians, buried more than 300 years ago. Some of this com 
being sown, it vegetated and came to maturity : we believe a similar fact is 
recorded respecting some grain found in the ruins of Herculaneum. But to 
preserve corn, even for a short period, it should be perfectly dry when housed, 
and carefully protected from dampness ; but it not unfrcquently happens, during 
a wet harvest season, that the corn is necessarily carried from the field.* a 
damp state ; and as few farmers have the means of properly and speedily dry- 
ing it, large quantities are irrecoverably spoiled after all the labour and cost of' 
production. The method of drying on the perforated floor of a kiln, (which is 
usually resorted to where it can he obtained,) is a very tediijus, defective, ^nd 
expensive mode, and is attended with great labour, owin|f to the grain requiring 
to be continually turned over and spread by a workman, whose utmost care 
is insufficient to cause every part to receive an equal degree of heat ; it there- 
fore becomes a matter of considerable importance to devise a simple, efficacious, 
and economical method of drying grain under these circumstances, and we^ 
think Mr. Jones’s apparatus for this purpose (shown ii^the engraving on tne 
next page) is w'ell adapted to the cud proposed. Fig. 1 is a vertical sectfcn <.€ 
the apparatus, which is formed of two iron cylinders o b, pljceJ^ne wijhin the 
other, each being closed at the upper and lower end by two concentric cones 
C D. The annula.* space between the cylinders, as also hetweeif th* cones, is an 
inch and a quarter in width, for the reception of the grain, to he dried by its 

^passing through the machine ; both the internal and external bodies are perfqjn<«d 
throughout with about 2300 holefto the square foot. The kiln is supported on 

• fii^e cast-iron columns or legs, three of which are shown in the section as at E , 
these are Attached to a strong iron ring which surrpuSds the base of the cyliu- 
r^r. From the heads of these columns descend, along*the sides of th^^ime,* 
fjj-e*long bolts, as at G, whick are passed'through the same numbhr,qf*Iegs in 
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^ the casl-iron ring surroumling the neck of tlie lower cone : from this 'ring 
paoceed five stays, as at I, which are fastened to the middle of tlje columns by 
a nut o» each side. The body is sustained, both externally hnd hiternally, by 
“ironioops, as at K, and the distance between the cylinders is preserxed by a 
numb^of short stays. In the front of the kiln a passage is cut out, as it O, 
in which is fixed the fire place, through which are passages for the heated air 
to p«8 into the cylii^ler. These passages, as well as the flues, which proc^d 



^ ciicuitously from the fire to the chimney, are best shown in the horizontal sec- 
tion, Fig. 2; and in the vertical section of the detached fire-place. Fig. 3, Q is 
the fire-hole, S the ash-hole, T the fire-bars, and U the chimney, which passes 
up yearly in the n^iddle of the kiln. The wheat is admitted into the kiln from 
above (ifrough a hopp^ and through the tube W, and falling upon the apex of 
the cone is distributed equally on all jides between the cylinders, the little 
a^erities in which, not only slightly retard the descent of the grain, but like- 
wise impart to the particles, a constant, slow, rolling motion, whereby every 
, md ividual grain is exposed to the same degree of temperature ; the grain 
from thence converge^nto the lower cone, and ultimately escapes Jhrough the 
^oulJkt bottom into sacks or on to the ground as may be required. The passage 
of the gsain thjp^ugh the machine may be either accelerated or retarded, accord- 
ing to its peculiar condition, by enlargmg or contracting the aperture througn 
which it is discl&rged. The moistiureis carried off by evap(<ation through the 
perforations of the plates with great rapidity. The kilns may of course 
be- It^e of any dinynsions ; one of six feet internal diameter, and twelve 
• feet in l^gtll, between the apexes of the fipper and lower cones, has been‘ 
sa’d to be capable of perfectly drying more than 100 quarters of wheat in < 
2ii hwrs. c * , f 

contrivance for dying grain has been noticed in severj^ 
French pqpers, and announced as having been ftccessfully adopted in one ^f 
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the departments; the plan, however, origi- 
nated with a^ correspondent in the Register 
of ^rts. The apparatus consists of a long 
spira^ tu8e a a like a distiller’s worm, reaching 
from the basement to the upper floor and 
through the roof of the granary, which forms 
a passage for the heated air from a close stove 
below. Externally round this tube is placed 
another tube b b, winding like the interior one 
in a spiral direction, and at about an inch and 
a half from Tt ; this external tube receives the 
com from above through a popper c, and it is 
punched throughout with numerous small 
holes, through which the vapour escapes, as it 
is formed by the damp corn coming in contact 
with the inclosed heated chimney ; the com 
in consequence becomes thoroughly dried 
before being discharged at the bottom, and 
that without the intervention of any manual 
labour. 

Hebert’s Patent Kiln . — Under the article 
Corn is described an apparatus for washing 
and separating the impurities with which grain 
is always to a greater or less extent contami- 
nated ; and, as a necessary concomitant to that 
machine, a kiln was devised for drying the 
washed grain ; but as this kiln is equally appli- 
cable to the drying of malt, seeds, and all 
other matters of a similar kind and form, and 
by a mode that is as novel as it is efficacious, 
we give a description of it in this place. In 
the engraving on the next page, Pig. 1 exhibits 
a longitudinal section of the apparatus, and 
Fig. 2 a transverse section of a long air- 
trough, shown at e in Fig. 1. At a is shown 
one of a series of five or six common iron 
gas tubes, placed side by side, and curved in 
the form represented to constitute a fire-place, 
the space between the tubes serving for the 
admission of air for combustion, which enters 
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through the ash-pit door 6 at the side, pro- 
vided with an air regulator : the fire-place is inclosed in front at c by a common 
door and frame. The heated air, and other products of co'wbustion from the 
fuel, pass along the flue d to the funnel or chimney ; th^bottora and twq sides 
of the flue d are of brick, but the top is^of iron, being formed of the bottom of 
a long shallow iron box or air-trough e ; this box has no cover but one of 
extremely open woved canvas, which forms a part of an endless cloth or 
band/y]^ that is continually made to travel lengthwise over,the whole area of 
the said trough ; the edges of the cloth gliding between ^grooves and over tie- 
rods, (shown in the cross section. Fig. 2, where the dotted line f indicate? the* 
endless cloth,) that prevent the cloth from sagging, This.cl^ is D»ade to 
travel by the revolution of three rollers or drums g, h, i, to either of which the 
moving power may*be applied. The cloth is kept distended iSy i? self-acting 
tightening roller, which is screwed agmnst the hopper k ; this hopper receives 
ffie grain to be dried, and is provided with a shoe at I, gdapted to delissl ■« 
fliin and uniform stratum of gr£ai?npon the endless cloth, whilst’ thfg same is 
ma^e to pass under it, and over the trough. Another endless band »i, of « 
similar fab?ic to the other, passes round the drums &1'^ and is likewise pro» 
vi^ed with a self-acting tightening roller, fixable to any convenient object, ’^he 
lo^ef ends of the six tubes a «f the fire-place before mentioned hdvq^ open 
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communication with a relative blower o, by means of a broad channel pp; 
*nd the upper ends of the tubes a also open into another broad channel q, which ^ 
condu^s the ah- into the long air-trough e. The operation of xhis'machine is 
* as fellows. A slow rotation, derived from any first mover, is fo b« given to 
eith4K>f the drums g, h, i, which will cause the endless cloth/ to glide gridually 
over the top of the air-trough e ; at the same time the blower o has been put 
int* action (by con^jexion with the first mover) at a high velocity, so asto^ro- 
• duce a rsfeid current of air, which derives an increase of temperature on pass- 
ing under the heated metallic bottom of the ash-pit; hence proceeding through 



the tubes a it acquires considerable heat, which is subsequently moderated by 
an extensive diffusion in the air-trough e, before it passes through the meshes 
of the endless cloth h above, carrying with it the moisture from the grain 
deposited thereon. The course taken by the endless cloth is shown by arrows 
in the figure ; upon its arriving at the drum h, the other endless cloth m m 
comes in contact with the grain on the cloth /, and upon both the cloths passing 
round the said drum h, the com becomes inclosed between the two cloths, and 
is thus carried up an inclined plane over the drum i, where the cloths separate, 
apd discharge the grain back again into the hopper Ic, to undergo a repetition 
otme operation, should it not be perfectly dry. But when the grain is thoroughly 
* -^ed, instead of allowing it to fall back into the hopper, a shoot, or the baud 
of a creeper, (not shown in the drawing,) is brought under the roller i, which 
conducts it to the required place. A very little experience in the working of 
thSi apparatus eilhbles a person so to regulate its operations as to complete 
the drying of damp gt'ain by a single passage through it ; such as varyino- the 
velocity of the air-forcer, the quantity of fuel in the stove, the supply di air 
through the ash-pit, the speed of the endless cloth, &c. the means of doing 
which are so well understood by mechanics as to render a description of them 
**i*mnecessary in this place. 

^ I^TE. A fictitioBfe bird, made of paper. This well-known Juvenile play- 
thing has b^ of late years applied to several objects of utility : the fore- 
most tf thew, atid the most paramount in importance, is the invention of 
Captain D§nsiy, for effecting a communication between^ stranded ship and 
the shore, or, under otlier circumstances, where badness of weather renders 
thg ordinary means impracticable. The following is an abbreviated description 
, of fne inveiption, extracted from the forty^rst volume of the Transactions tt 
the Satiny of Arts, where the subject is given more in detail, with engraved 
Slustrations :-A sail of.'ight canvas orholland is cut to the shape, .nd adabted 
' • «{*e {-nnciples of the common flying kite, and is launched 

from Ae^vessel or other point to windward of tj^c space over which a cohiiSu- 
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nicadon is required; and as soon as it appears to be at a|ufficlent distance, a very 
pimple and efficacious mechanicalapparatus is used to destroy its poise and cause its 
immediate descAt, the kite remaining however still attached to the line, and 
moorifd by^ small anchor with which it is equipped. The kite, during its fli^t, is 
attached to the line by two cords placed in the usual manner, which presjid^s 
its poise in the air; and to cause it to descend, a messenger is employed, nihde 
of waod, with a small sail rigged to it. The line being passed through a cylin- 
drical hole in this messenger, the wind takes it rapidly up4o the kite,, whefe, 
striking against a part of the apparatus, it releases the upper cord, and by that 
*• means the head of the kite becomes reversed, and it descends with rapidity, 
in the experiments made by Capt. Dansey, with the view of gaining commu- 
nication with a lee-shore, imder the supposition of no asjista*ce being there at 
• hand, a grapnel, consisting four spear-shaped iron spikes was fixed to the 
head of the kite, so as to moor it in its fall, and in this emergency, the attempt 
of some person to get on shore along the line, would be the means resorted to. 
In those cases where a communication has been gained, and the maintenance 
of a correspondence has been the object, the person to windwSrd has attached 
a weight to the messenger, in some cases as much as three pounds, which, having 
been carried up, has of coxrrae descended with the kite ; the person to leeward 
has then furled the sail of the messenger, and loaded it with as much weight as 
the kite could lift ; then replacing the apparatus, and exposing the surface of 
the kite to the direct action of the wind, it has rapidly risen, the messenger 
running down the line to windward during its ascent. The kite with which 
Capt. Dansey performed the greater part of his experiments, extended 1100 
t ards of line, five-eighths of an inch in circumference, and would have extended 
move had it been at hand. It also extended 360 yards of line, If inch in 
circumference, and weighing 601hs.; the holland weighed 3| lbs; the spars, one 
of which was armed at the head with iron spikes, for the ])urpose of mooring 
it, 6| lbs. ; and the tail was five times its length, composed of 8 lbs. of rope 
and 14 lbs. of elm plank. A complete model of the apparatus was deposited 
with the Society, who presented Capt. Dansey with their gold Vulcan medal for 
his invention and communication. 

Messrs. Viney and Pocock have also recently applied a kite for the drawing of 
a carriage, in w’hich they travelled from Bristol to London. See Vol. I. page 323. 

KNEADING is the process of making the stiff paste of flour and water for 
being afterwards baked into bread. It is usually effected by a sort of pommel- 
ing action of the hands and arms, and sometimes of the feet of the bakers. A 
variety of machines have been at different times proposed for superseding the bar- 
barous process wehave just mentioned ; they have however been but very partially 
adopted, the bakers in general preferring to continue their “ good old-fashion.'sil'’ 
dirty practice. “ Pain a la mecanique" is, however, fashionable in Paris, andy 
it is to be hoped, will ere long become so here. It is said that at Geneva all 
the bakers of that city are compelled by law to send their dough to be kneaded 
at a public mill constructed for that purpose. At Genoa, alpji, mechanism ,j3 
employed for kneading ; the apparatus employed at this j)lace has been ,pub- 
lished in several of the journals, from v^ich it appears to be so rude and ill- 
contrived as not to need a description in this place. 

1. The petrisseur, or mechanical bread-maker, invented by Cavallier and Co. 
of Paris, seems to us to be nearly the best hitherto introduced. This consists 
of a strong wooden trough, nearly square, with its two lon^st sides inclined, so 
as to reduce the area of the trough in the direction of its width, and adapt 4t to » 
the dimensions of a cast-iron roller, the axis of which passe3.thr\^gh thp ends 
of the trough ; the bottom of the trough is semi-cylindrical, leaving a small 
space between it an5 the roller, which space is adjustable by lev?rs.* All along 
the top of the outside of the roller, is fixed a knife edge, which, with the roller, 

• cSvides the trough into two compartqjents. Upon the axis of jhe roller is a toot^^k 
wheel, which takes into a pinion this pinion is turned by a winsh, qjid com- 
mumcates ^evehy a slower motion to the roller, and tlie roller, by its rotation, 
forces the materials or dough through the narroM ^ace before jnetllioned;^ 
leff bttween it and the bottom of the trough ; the knife edge on the top oN^he 
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Tollef preventing the dohgh from passing by it. Being thus all forced into one 
, of the compartments, the motion of the roller is reversed by turning the wind) 
the ijpntrary way, which then forces the dough back again thkmgh the narrow 
' sngce under the roller into the first compartment ; in this manner the working 
o^^^i dough, alternately from one compartment to the other, is continued untS 
completed. 

,2. Another plan was to make the trough containing the dough revolver with 
, a number of heavy balls within it. The trough in this case is made in the form 
of a parallelopipedon, the ends being square, and each of the sides a parallelo- 
gram, whose length and breadth arc to each other as five to one. One side of < ‘ 
the trough constitutes a lid, which is removed to introduce the 4onr and wateri 
and the trough i^divided into as many cells as there are balls introduced. The 
patentee states, that by the rotation of the trorjgh the balls and dough are < 
elevated together, and by their falling down the dough will be subjected to 
beating, similar to the operations of the baker’s hands. 

3. Insteakl of ^employing a revolving cylinder, it is fixed, an agitator is made 
to revolve, having a series of rings angularly attached to an axis, extending the 
whole length of the trough. 

4. Mr. Clayton, a baker of Nottingham, had a patent in 1830 for a machine 
somewhat sihailar to the last mentioned, inasmuch as a set of revolving agita- 
tors are employed to produce the kneading action ; the agitators are longitu- 
dinal bars, fixed to arms, which radiate from the axis, and they are forced 
through the dough in their revolution ; but the cylinder in which they revolve 
and which contains the materials, is made to revolve at the same time in a 
contrary direction ; the motion of the latter being imparted by a short hollow 
axis, while the axis of the former is solid and passed through the hollow one. 
'fhe solid axis, which is turned by a winch, has on it a bevelled pinion, which 
by means of an intermediate bevelled wheel, actuates another bevelled pinion 
fixed on the hollow axis, and therefore causes it to revolve in the opposite 
direction. These two simultaneous and contrary motions constitute the novelty 
claimed by the patentee, who state$, that dough-making machines, similar to his 
own, have all failed for want of such an arrangement. This statement, coming 
from a baker, commands attention ; but we cannot concim in its truth, since we 
know that the following plan of a kneading machine works well without oppo- 
site simultaneous motions, and without any agitators or beaters, which absorb a 
great deal of power without producing an adequate effect. 

5. Hebert’s Patent Kneading Machine. — In this a cylinder of from 4 to 5 feet 
in diameter, and only about 18 inches wide inside, is made to revolve upon an 
axis, which is fixed by a pin during the revolution of the cylinder, 'hie flour is 
aomitted by a door in the periphery, which closes air and water-tight ; and the 

r . Vater or liquor passes through a longitudinal perforation in the axis, and thence 
through small holes amongst the flour, in quantities which are regulated exter- 
nally by a cock. By the rotation of the cylinder the dough is made to be con 
tkmally ascendlhg on one side of it, whence it falls over upon the portion 
below. When the mixture becomes pretty intimate and uniform its adhesive 
property causes it to stick to the sid^s of the cylinder, and the’ dough would 
then be carried round without much advancing the process, were it not for 
another simple contrivance : this is a knife-edge or scraper’ 18 inches lonsr 
Kiw which is fixed along the top of the cyhnder in the inside, so as barely to toncll 
^ Its surface; the knife is fixed to two flat arms extending from» the axis and 
these arms have sharp edges so as to scrape the sides of the cylinder • thus the 
cylinder is Wpt Constantly clean from the sticking of the domrb wK.v’l, == 
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door o*the cylinder is opened, and the contents discharged into » , 
»benea{h ; at which timf the scraper is caused, by a winch on the furi 
4 oi^revolation of the now fixed cylinder, which clears off anv 
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naid to kneed itself, there being no arms, beaters, or agitators whatever, it is 
Saleulated that tl|e power saved by it is very considerable, while, from the ^im- 
plicity.of its construction, the cost is moderate. 

The i^tentee is at present engaged in combining with this kneading marJ((Re 
an apparatus for preparing carbonated water, highly charged with the gas, yith 
whicl>, he proposes to mix up the flour to form dough, for the purpose of makiijg 
the bread spongy or vesicular, without having recourse to the'fermentative pro- 
cess ; the result of which process, under the most favourable circumstances, he 
•^considers to be detrimental to the health of those that eat the bread, (owing to 
the deposition ^f fermentable matter in the stomach,) while it is destructive of 
a portion of the nutriment of the flour. , • 

^ KNIVES {including Forks ). , Knives are well-known instruments, made for 
cutting a great variety of substances, and adapted by difierences in form to 
various uses ; but the two principal sorts may he classed under the terms of 
pocket-knives and table-knives, with their now necessary accoir^animents, 
forks. The manufacture of these articles in this country is ahilost wholly con- 
ducted at ShefiSeld. Our account of the process of making them must neces- 
sarily be concise, and afford only a glimpse of the procedures, as it is manifestly 
impossible for us to transform the uninitiated into cutlers by any Information 
that we can give. 

In the making of pocket-knife blades, one workman and a boy arc generally 
employed ; the boy attends to the heats, (that is, to the rods of steel in the 
fire,) which he successively hands to the forger, and takes back the rod from 
which the last blade was formed. One heat is required to fashion the blade, 
and a second to form the tang, by which it is fastened into the handle. The 
skill of the forger is displayed in forming it so perfectly by his hammer, as to 
require but very little to be filed or ground off in the subsequent operations. 
The springs for the back of the knife, and the scales which form the rough 
metal under-handle, and to which the other pieces are rivetted, are made by a 
distinct class of workmen. In the forging of table-knife blades, and other 
blades of a similar or greater size, the forger has an assistant, who, with a large 
hammer, strikes alternately with him ; and the hammering of all blades is con- 
tinued after the steel has ceased to be soft, in order to condense the metal and 
render it very smooth and firm. Table-knife blades are usually made with iron 
backs, wliich are welded to the steel by a subsequent forging, to that of foi-ming 
the cutting edge ; the thick piece that joins the handle, called the shoulder or 
bolster, as well as the tang that goes through the handle, is forged out of the 
iron immediately after the welding of the steel blade : dies and swages being 
employed to perfect and accelerate the shaping of these parts. When the forgiii^ 
is completed, the blades undergo the processesof hardening and tempering, already * 
explained in our account of the steel manufacture (article Iron). The blades 
are then ground upon a wet stone, about 4 feet in diameter, and 9 inches wide, 
which roughs out the work ; they are subsequently finished or udiitened, as it ir» 
termed, upon a finer dry stone ; and the shoulders or bolsteis are ground upon 
a narrow stone, about 3 feet in diameter, y^iich completes the grinding. The 
next process is that of glazing the blades, which is effected upon a wooden 
wheel, made up of solid segments, well fitted and secured together, and with 
the ends of the fibres of the wood presented to the periphery of the circle ; over 
this is extended,a piece of leather, which is charged with ersery or other pow- 
ders, adapted to the finish or nature of the work required. - 

It is only about 200 years since, that table-forks were known P^Englsiid, 
when they were introduced from Italy ; and even now, in some jenaote parts 
of Scotland and IreliJhd, they are regarded as useless articles of luxury. The 
cheaper kind of forks are made by casting them from malleable pig-metal, (see 
sometimes denominated “run-steel;” and some of those, which are wt-f 
annexed and worked under the ham^aer, turn out very serviceable ’and* good. 
Those.made ^f wrought metal, were formerly either fojged, and the pipings 
drawn out by the hammer, -and welded together, of they wej-e forged rinto one 
soUdqii^e, and the spaces between formed b^ cutting aw-ay the metah These 
p»oce|ses, however, were tedious'and expensive, and ^ great improvenvuit in 
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, their manufacture has been introduced. The tang, shoulder, and a thick, flat 
piec^ called the blade, are forged, and the blade is then submftted'to the action 
oJa pair of dies, contained in a powerful fly or stamping-press ; thj die* being 
so^-raed as to force or cut out the superfluous portion of the metal and raise 
the aurved swelled portions at the junction of the prongs, termed the bosom. 

-tte forks after this operation are filed up, ground, glazed, and burnished, 4 rhen 
they are ready for hafting, which is a distinct business'. 

The instruments required for hafting knives and forks are few and simple. 

The principal are, a small polishing wheel and treddle, mounted upon a stand,,* 
a bench vice, and a kind of hand vice to fix in the bench vice, iprmed a snap^ 
dragon ; it has af pai» of long projecting jaws, adapted to hold a piec« of metal 
or other substance, with the flat side uppermost) in order to be filed or otlftr- « 
wise worked ; a few files, drills, drill-box, and breast-plate, burnishers] and 
buffs, emery, rotten stone, &e. The substances used for covering the handles 
are almost Xnfitute ; the chief are bone, horn, ivory, tortoiseshell, and w’ood of 
every kind. The several pieces of the handle being filed to the shape intended, 
holes are drilled through them for the pins by which they are afterwards rivetted 
together. The pinning is at first loosely done ; until the blades, springs, and alt 
the parts a/e well adjusted and fit closely, they are then firmly rivetted together. 

The handles ate afterwards scraped and then polished, by means of bufiing, 
on the wheel. 

KNIFE-SHARPENERS. This term has been given to a variety of con- 
venient modem instruments, especially adapted to the sharpening of knives at 
table, but particularly carvers, and are intended as substitutes for the common 
steel. For these instruments several patents have been obtained, and a consi- 
derable manufacture of them has been established. 

Futon's Patent Sharpener, without its usual accompanying ornaments, is 
represented in the annexed 
cut; it consists of two hori- 

zontalroUers, placedparallel f 

to each other, which revolve ^ 
freely upon their axes, (re- 
presented by the two black 
dots ;) at uniform distances, 
there are fixed upon each 
roller, narrow cylinders or 
rings of hard steel, the edges 
of which are cut into fine 
teeth, and thus form circular 
*files ; the edges of the files in the opposite rollers overlap each other a little, so 
that when a knife is drawn longituinally between them, the edge of the kntfe 
is acted upon on both of its sides at once. The rollers turn round with the * 
lightest impullfe, consequently, they wear uniformly, and will last a considerable 
tim%. A good edge is given to a knife by just drawing it from heel to point 
two or three times between the rollens ; and thus obviates the necessity of imi- 
tating the skill exercised by a butcher upon his steel. 

Westhy’s Knife-sharpener, which was patented in 1828, is a very pretty and 
ingenious instrument; an immense quantity of them have been sold, and it is 
sajd, have been tl!6 means of greatly emriching the proprietof of the patent. 

In the engmving on the next page, Fiff. 1 exhibits an end elevation of the in- 
strument, ^d Fig. 2 a side elevation of the bars, with a section of the boxes a 
and I, to^hqjv the interior. The same letters in each figjire have reference to < 
similar parts ; a is a smaU oblong box, surmounted by a smaller box b ; in the 
Jop of the latter there is a slit made throughout its length, and of sufficient 
‘ ‘^dth to receive Ae square steel bars c % The box a has two similar sBts.» 

The surfaces of the bars are draw-filed, they pass through the slit in b, and , 

* alters at ely through bqth slits in a, so as to cross each other, as slufs-n in f’ig. 1. 
lowJr ends of «these B)ars are supported upon a plate of metal d, which can 
be «leva^d, so as to a bring a difl'eient porti^ of the bars into operaliofl, by • 
m^aiwof the screw underneath ; // are two screws passing through the^iolffl 




^ KNIFE-SHARPENEI^. ^ • 3.i 

in d, to preserve its parallel motion, and likewise to support tlie bottom of the 
box ; k is a tightening screw to steady the bars ec. j 

The mode oif operating with this instrument is merely to place the edge of 
the teiif'e iipon the bar-i, so as to bisect the angle formed by them, and^eu 
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draw the knife backward and forward. As the surfaces of the bars wear away, 
different sides can be presented, or they can be shifted from end to end, so as 
to present fresh surfaces to the knife. 

Church’s Patent Knife-sharpener consists of two very flat truncated cones, fi.’ced 
with their smaller surfaces together, and with several rectangular projections 
in the one, fitting into similar cavities in the other. The conical surfaces of 
both pieces are serrated with a series of very fine teetli extending angularly 
towards their centres ; these are placed upon the shank of the fork, between 
the shoulder and the handle, with which they correspond in diameter so nearly 
as to constitute an ornamental finish to the .small end of the handle. In the 
position and size of these consist the principal merit of the sharpener. When 
used for sharpening scythes, or other large cutting instruments, the conical 
pieces are made larger, and fitted on an axis between two prongs of a for'wd 
apparatus, with an appropriate handle. • 

Wesibp's second Patent. — The extraordinary success attendant upon Mr. ' 
Westby's contrivance for sharpening table-knives induced him to figure a 
second time as a patentee, “ for certain improved apparatus to»be used for tlje 
purpose of whetting or sharpening the edges of the blades of penknives, r/f^ors, 
and other cutting instruments." The first improvement mentioned in the speci- 
fication consists in the application to a l*one, or oil-stone, of a guide to keep 
the edge of the razor, or other cutting instrument, at the same angle with 
respect to the surface of the hone, during the operation of whetting. This is 
effected in two ways ; first, by placing over the hone a plajf of metal extending 
its whole length, and adjustable, at any required distance parallel to its surface, • 
by set screws ; now, in the operation of sharpening, the back pf t^ instryment 
is kept resting upon the guide-plate, while the edge is applied to the hone. 
The second method consists in the application of two hones placed Tn an erect 
position, with a space between them for the razor, which is to be fixed by screws 
into a small horizontal frame, made to slide upon a circular rod, so that ‘Ac* 
eSge can be applied alternately A the hones; these can be elevated and 
depressed at pleasure, so that their surfaces may be uniformly worn while ir.» 
use.* The patentee also mentions in his specification,a Tne^hod of attaching to# 
histone a leather strap which is made double, and kept stretched by adjqsl^g 
^crewJ attached to the frame of«the hone, oP else to the end of a rod’e^tending 
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lengthways between the fwo folds of leather. This last contrivance does not 
appear to us to be scientifically adapted to the object in view, as the pressure 
of theeedge of the instrument upon a strap of leather only ^pported at its * 
extMuities, must produce a tendency in the leather to wrap round ,the acute 
angK^of the edge of the instrument, and render it obtuse. • 


• . L. . • 

• 

LABORATORY. A place fitted up and supplied with the necessary 
apparatus for chemical operations. Laboratories for conducting chemical •* 
processes on a large manufacturing scale will of course vary in tiieir arrange-, 
inents according to thcfmain object for which they are designed. Fo» experi- 
mental and general purposes a laboratory is «nore advantageously placd8 • 
above than below ground, that it may be a^ dry as possible ; the air must 
have free access to it ; and it must even be so constructed that, h)’ means of 
opposite opeYingp, a current of air may be admitted to carry off noxious 
vapours. A chimney ought to be constructed so high that a person may 
easily stand under it, and extending the length of one of the side walls. 
The chimnej should be high, and sufficiently contracted to make a good 
draught. When charcoal is the only fuel to be employed no soot will be 
deposited, and therefore it need not be so wide as to allow a chimney-sweeper 
to pass up it. Under this chimney may be constructed some brick furnaces, 
particularly a melting furnace, a furnace for distilling with an alembic, and 
one or two ovens like those in kitchens. The rest of the space ought to be 
fiUed up with stands of different heights, from a foot to a foot and a half, on 
which portable furnaces of all kinds are to be placed. These furnaces are the 
most convenient, from the facility of disposing of them at pleasure ; and they 
are the only furnaces which are necessary in a small laboratory. A double 
pair of bellows of moderate size must also be placed as commodiously as 
possible under or near to the chimney, and having a pipe directed towards the 
hearth where the forge is to be placed. The necessary furnaces are the simple 
furnace, for distilling with an alembic, a lamp furnace, two reverberatory 
furnaces of different sizes for distilling with retorts ; an air or melting furnace, 
an assay furnace, and a forge furnace. Under the chimney, at a convenient 
height, should be a row of hooks driven into the back and side walls, upon 
which are to be hung small shovels, iron pans, tongs, pincers, pokers, and 
various utensils for disposing the fuel and managing the crucibles. To the 
walls of the laboratory should be fixed, or suspended, rows of shelves, of 
different breadths and heights, for containing bottles and glass vessels, which 
should be as numerous as is possible, that the products of operations may be con- 
■ veuiently retained. The most convenient place for a stone or leaden cistern to 
contain water, is a corner of the laboratory, and under it a sink ought to be 
placed, with a pjpe by which the water poured into it may discharge itself. As * 
tlie vessels are always cleaned under this cistern, cloths and bottle-brushes 
ought to be hung upon hooks fastened in the walls near it. In the middle of 
the laboratory a large table is to be jllaced, on which mixtures are to be made, 
preparations for operations, solutions, precipitations, small filtrations ; in short, 
whatever does not require fire, excepting that from a lamp. In convenient 
* parts of the laboratmw are to be placed blocks of wood upon mats, one of which 
t is ») support a middle-sized iron mortar, another a support for^ middle-sized 
raarljje, or Jarij stone mortar, and a third for an anvil. Near to the mortars 
are to be hung sieves of different fineness and sizes ; and near to the anvil, files, 
rasps, pinfcrs? shears, and other convenient utensils for wording metals, or giving 
them proper forms for the several operations ; two movable trestles, to support 
iSjarge filter or oth^r apparatus, that they may be disposed of conveniently. On 
account of the dust from charcoal, the stook of this article had better be placftd* 

- contiguous, but not inside the laboratory ; also some dried furze or other quick • 
burning fuel. In the sdhi^ place may be put bulky articles, bricks, tilts, clayflime, 
and many otlfer things useful in chemical operations. A small, solid table, 
for ‘a _ levigating stone and mull«; small mytars, of iron, glass, ag*e,*and 


Wedgwood ware ; earthen, stone, metal, and glass vessels of different kinds ; fun- 
nels, measures^glass-tubes; spatulas of wood, metal, ivory, and glass; pasteboards-, 
writing paper,* unsized paper, clean straws, horns, corks, bladders, linen* strips, . 
lutifigs, •ements, paste, glue, portable bellows, brushes, boxes, &e. &c. ^|* all 
occa^onally wanted in a laboratory. See lire’s Dictionary of Chemistry. * 

LAC. A resinous substance, the product of an insect found on Several 
different kinds of trees in the East Indies. These insets pierce the small 
branches of the trees on which they feed; and the juice that exudes from the* 
wounds is formed by them into a kind of cells for their eggs. Lac is imported 
into this country adhering to the branches in small transparent grains, or in 
semi-transparent flat cakes. The first, encrusting the branches, is called 
jtick-laC : the second 'are the grains picked off the* branches, and called 
seed-lac ; the third is thaf which has undergone a simple purification, as 
we shall presently notice. There is a fourth called lump-lac, made by 
melting the seed-lac, and forming it into lumps. To purify the lac for use 
the natives of India put it into long canvas bags, which •they heat over a 
charcoal fire until the resin melts ; a portion of the lac then exudes through 
the bags, which are subsequently twisted, or wrung by means of cross sticks at 
the ends of the hags, the surface of the latter being scraped at the same time 
to accelerate the process. The chief consumption of lac in this country is in 
the manufacture of sealing-wax and varnishes. It has been a great desideratum 
among artists to render shell-lac colourless, as, with the exception of its dark 
hrorvn hue, it possesses all the properties essential to a good spirit varnish in a 
higher degree than any other known resin. A premium of a gold medal, or 
thirty guineas, for “ a varnish made from shell or seed-lac, equally hard, and 
as fit for use in the arts,’’ as that at present prepared from other substances, 
was offered for some years by the Society of Arts. The editor of the FranhVm 
Journal, of Philadelphia, observes, in reference to the foregoing, that “ these 
ends are perfectly attained by the process given by Dr. Hare, which leaves 
nothing to desire, excepting on the score of economy.” Were the oxymuriate 
of potash to he manufactured in the large way, the two processes, tliat of 
making the salt and of bleaching the resin, might be advantageously combined. 

“ Dissolve,” (says Dr. Hare,) “ iti an iron kettle, one part of pearl-ash in about 
eight parts of water ; add one part of seed or shell-lac, and heat the whole to 
ebullition ; when the lac is dissolved, cool the solution, and impregnate it 
with chlorine till the lac is all precipitated. The precipitate is white, but its 
colour is deepened by washing and consolidation ; dissolved in alcohol, lac 
bleached by the process above-mentioned yields a varnish which is as free 
fiom colour as any copal varnish.” About the same period of time as -the 
publication of the foregoing, the before-mentioned premium of the Society 
of -Arts was claimed by two persons, Mr. George Field, and Mr. Henry 
Liming. The Society, upon a due examinaticn of both of the processes and 
products, found them both to answer the intended purpose, #nd awarded tUe 
sum of twenty guineas to each of the candidates. , 

The follow'ing is Mr. Field’s process : Six ounces of shell-lac, coarsely powdered, 
are to he dissolved by gentle heat in a pint of spirits of wine ; to this is to be 
added a bleaching liquor, made by dissolving purified carbonate of potash, and 
then impregnating it with chlorine gas till the silica precipitates, and the solu- t 
tion becomes^ slightly coloured. Of this bleaching liquor sjd one or two ounces 
to the spirituous solution of lac, and stir the whole well together; efl'ervescFnce • 
takes place, and when this ceases, add more to the hleacjiin^liquoj, and 
thus proceed till the colour of the mixture has become pale. A second bleach- 
ing liquor is now Ho be added, made by diluting muriatic acia’ wi?h thrice its 
bulk of water, and dropping into it pulverized red lead, till the last added 
portions do not become white. Of this acid bleaching liqqor, small quant'lJe** 
at a time are to he added to the hiSf bleached lac solution, allowiSg t^e effer- 
vescence, which takes place on each addition, to cease before a fresh portion i> 
pou’red in.* This is to be continued until the lac, now iThi^e, separates from thr^ 
liq^ior. 'The supernatant fluid is now to be poured away, and the lac i^^> bo • 
well washed in repeated water*; and finally*wrung as dry as possible* iq, a cloth. 
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The lac obtained in the foregoing process is to be dissolved in a pint of alcohol, 
more or less, according to the required strength of the vamjsh ; and after 
standii^ for some time in a gentle heat, the clear liquor, which is the varnish, 
is t^e poured olF from the sediment. • ^ 

I^^Luning’s process is as follows : — Dissolve five ounces of shell-lac in a 
quart »of rectified spirits of wine ; boil for a few minutes, with ten ounces of 
weli-bumt and recently heated animal charcoal, when a small quantity of "che 
' solution should be drawn off and filtered ; if not colourless, a little more char- 
coal must be added. When all colour is removed, press the liquor through 
silk, as linen absorbs more varnish, and afterwards filter it through fine blotting- 
paper. In cases where the wax found combined with the lac is flbjectionable, ‘ 
filter cold ; if the walk be not injurious, filter while hot. This kind 
varnish should be used in ia temperature of ftot less than 60° Fahr. ; it 
dries in a few minutes, and is not afterwards liable to chill or bloom ; it is 
therefore particularly applicable to drawings and prints which have been sized, 
and may be "advantageously used upon oil paintings which have been painted 
a sufficient time, as it bears out colour with the purest effect. This quality 
prevents it from obscuring gilding, and renders it a valuable leather varnish to 
the book-binder, to whose use it has already been applied with happy effect, 
as it does not yield to the warmth of the hand, and resists damps, which subject 
bindings to mildew. Its useful applications are very numerous, indeed, to all 
the purposes of the best hard spirit varnishes ; it is to be used under the same 
conditions, and with the same management. Common seed-lac varnish is usually 
made by digesting eight ounces of the bright, clear grained lac in a quart of spirits 
of wine, in a wide-mouthed bottle, putting it in a warm place for two or three 
days, and occasionally shaking it. When dissolved it may be strained through 
flannel into another bottle for use. In India, lac is fashioned into rings, beads, 
and other trinkets. Its colouring matter, which is soluble in water, is employed 
us a dye. The resinous portion is mixed with about three times its weight of 
finely powdered sand, to form polishing stones, The lapidaries mix powder of 
corundum with it in a similar manner. 

LACQUERING is the application of transparent or coloured varnishes to 
metals, to prevent their becoming tarnished, or to give them a more agreeable 
colour. The basis of them is properly the lac described in the preceding article ; 
but other varnishes made by solutions of other resins, and coloured yellow, also 
obtain the name of lacquer. Strictly speaking, lacquer is a solution of lac in 
alcohol, to which is added any colouring matter that may be required to pro- 
duce the desired tint ; but the recipes that have been published in various 
scientific journals contain apparently a great many useless articles. The fol- 
Luving is much extolled, in Nicholson’s Operative Mechanic, as a lacquer for 
philosophical instruments ; — 

f oz. of gum guttae. 

.^.2 oz. of gum sandarac. 

2 og. of gum elemi. 

1 oz. of dragon’s blood, of the best quality. 

1 oz. of seed lac. * 

Before, however, the reader ventures to meddle with so formidable a list of 
ingredients as the foregoing, we would recommend him to make trial of the 
■ following more simply compound : — Take 8 oz. of spirits of wine, and 1 oz. of 
r annatto, well bruised ; mix these in a bottle by themselves : then take 1 oz. of 
gambqge, and& mix it in like manner with the same quantity of spirits. Take 
seed-lac varnish, (described under the previous article Lac,) wh'at quantity you 
please, and^oliKir it to your mind with the above mixtures. ‘If it be too yellow, 
add a little from the annatto bottle; if it be too red, add a little from the 
/jijJfoboge bottle ; if the colour be too deep, add a little spirits of wine. In this 
manner ,v on <may cofbur brass of any desireC tint : the articles to be lacquered 
vnay be gently heated over a charcoal fire, and then be either dipped into^the 
pacquef, or.the lacquer Aiay be evenly spread over them with a bru^. 

. ‘ LACE. A delicafe kind of net-work, composed of silk, flax, or cottjm 
tlireaSs^ tivibted or plaited togethei? The inesites of this kind of net are qj a 


f oz. of terra merita. 

2 oz. of oriental saffron. 

3 oz. of pounded glass ; 

and 

20 oz of pure alcohol. 
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hexagonal figure, in which thick threads are also woven to form the pattern 
•ccoiding to some design ; and these threads, which are called gymp, form the 
ornament of the face. Buckinghamshire and Bedfordshire have been for niany 
years flie ceunties most celebrated for the manufacture of the pillow or boobin 
lace, so* called because it is woven by women or children upon a pillov 
cushion, by means of bobbins, (which are made of ivory or bone, and eaclj’of 
which contains a small quantity of fine thread,) in such a manner as to make 
the lace exactly resemble the pattern, which is fixed upon a Idkge round pillow, 

^ and pins being stuck into the holes or openings in the pattern, the threads are 
•interwoven by means of the bobbins. At the close of the last century, the 
manufacturers %f N ottingham directed their ingenuity to imitate this species 
of Jace by machinery, in which they have completely succeeded. The Not- 
* tingham imitations of lace arte of two kinds — point-net and warp-net. The 
point-net frame is a variety of the stocking frame, which was invented by 
Mr. John Morris, of Nottingham, in 1764; but it was not at first used to make 
lace, being intended to make the ancle part of stockings. The machine is 
an addition to a stocking frame, and operates on the thread in the same way 
as in stocking weaving for a great part of the process. The Nottingham lace, 
therefore, is only a modification of the stitch or loop of which stockings are 
made ; all the meshes being formed by a continuance of one thread, which is 
by the machine formed into loops, a whole course at once, by pressing it down 
alternately over and under between a number of parallel needles ; a second 
course is then made of similar loops on the same needles, and the loops of the 
first are drawn through those of the second in such a manner as to form meshes 
by retaining the first loops; the second are then retained by a third course, and 
this by a foitrth, and so on. The warp-net frame is mso a variety of the 
stocking frame, but the parts are very differently arranged, the moveriteuts 
being produced by treadles, leaving the hands of the workman to manage the 
machine, which is a piece of mechanism applied in front of the row of needles 
of the frame. In the warp frame the piece of lace is not formed of one con- 
tinued thread, as in the point-net frame, but there are as many different 
threads as there are needles in the frame ; these threads are warped, or wound 
upon a roller or beam the same as a loom ; and it is from this circumstance 
that the machine is called a warp frame. These threads pass through eyes 
in the ends of small points, called guides, which are opposite the nedlles ; and 
these guides are fixed on two bars, each of which has half the guides fastened 
on it ; that is, one guide is fast in one bar, and the next in the other, and so 
on alternately of the whole. Each of the guides presents a thread to its needle, 
and are all at once moved by the hand to twist the threads two or three times 
round the needles which are opposite them; the loop is now made in a manner 
similar to the other frame. The next time, the alternate guides are shifted* 
endways, so as to apply themselves to other needles than those they were 
opposite before : this crosses the thread so as to make a net ; hut the quantity 
which is shifted endways is altered every time, by means of th% machinery, iT 
as to move a certain number of needles, which number is altered every tiu5e to 
produce the pattern. In 1809, Mr. Jolfti Heathcoat invented a machine for 
weaving the real twisted lace, like that which is made on the pillow. The 
ground-work of the invention is to extend those threads which form the warp 
of the lace in parallel lines, and dispose the diagonal threads upon small 
bobbins, which are detached, and are capable of passingT-ound the extended ^ 
warp threads, so as to twist with them ; by this means, the nural-^r of bobbins 
is reduced to one half. In this machine there are two hor&oni,xl beaJhs or 
rollers, one to contain the thread, and another to receive thf^ laije ; also a 
number of small bobbins to contain the thread. 


^ Since Mr. Heathcoat’s first invention, the manufacturers of Nottinghaiji, 

* Leicester, Tewkesbury, and many »ther places, have vied*with him and eJKr* 
other in the production of lace-making machinery. In 1824 the Sifferent 
description# of machinery for making lace were enutner»ted under the foiiowing* 
hejds: — the old Loughborough double tier, Heathhat’s f the single tie'^ ou^ 
»Ste^emon’s principle ; improve^ double tie*, Brailey’s; single tier gn Liver's 
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principle ; the old Loughborough improved, with pumping tackle ; the pusher 

• principle ; the traverse warp, Bevan and Freemans ; traverse warp rotatory^ 
LinSey and Lacey's ; the straight bolt, Kendal and Mauley’s ; the circular bolt, 
M^l^’s ; the circular comb, Hervey’s ; the circular comb improved) Hefvey's ; 
anJt^he improved Lever’s. The foregoing comprehend the different pnnciples 
upoh which the machinery for making bobbin-net lace have been founded. 

rin 1824 Mr. l^ongford took out a patent for actuating several of theffore- 
' going machines by rotatory motion, which were previously worked by a beating 
or lever action of the hands and feet of the operator. Since the last-mentioned 
period there have been a great many patents taken out for improvements, the * 
description of which alone would occupy a large volume, an# require some! 
hundreds of engravings to render them intelligible. We can therefore o)jly 
refer the reader to such works as are distinguishSd by subjects of this nature, — * 
viz. The London Journal of Arts, The Repertory of Arts, the Register of Patent 
Inventions, and to the enrolled specifications, — for such further information that 
he may require* 

LACTOMETER. An instrument invented by Mr. Dicas, of Liverpool, for 
the purpose of ascertaining the different qualities of milk from its specific 
gravity compared with water. On this subject Dr. Ure observes, that it is not 
possible to infer the quality of milk from the indications merely of a specific 
gravity instrument, because both cream and water affect the specific gravity of 
milk alike. “ We must first use as a lactometer a graduated glass tube, in which 
we note the thickness of the stratum of cream afforded, after a proper interval, 
from a determinate column of new milk ; we then apply to the skimmed milk 
a hydrometric instrument, from which we learn the relative proportions of curd 
and whey. Thus the combination of the two instruments furnishes a tolerably 
exact lactometer.” 

LADDER. A portable fiame, containing steps for the feet. There are 
various kinds, most of which are too familiar to the readers of this work to 
need description ; but there is one of a very 
ingenious description, described under the 
head of Fire Escapes, invented by Mr. Gre- 
gory, which is evidently applicable to a great 
variety of purposes, wherein common ladders 
are useless, or of difficult employment. Lad- 
ders are very advantageously employed in 
the raising of weights, by the addition of a 
pulley-wheel at the top, or suspended over 
them ; passing over tins pulley is a rope, to 
..one end of which is attached the article to be 

• raised, (a tea-chest, for instance, out of the 
hold of a ship;) a man then ascends the 

^dder to the required height, and steps on 
to p foot - board, properly contrived for 
the purpose, which is attached to the other 
end of the rope just mentioned ; thh man’s 
weight, then, more than counterpoising the 
tea-chest, he rapidly descends, while the 
chest ascends throjigh the same space. In 
«f this manner the tea is unloaded from the 
East^ India /Coippany’s dock at Blackwall, 
and it is'^very probable there is not a 
more effit'ieifc mode of applying a man’s 
labour for that purpose, and the mechanism 

cheap, convenient, and easily adjustable 
to the,spa<Det The man has only to ascetd 
the steps of the ladder, and he is refreshed in 
^ the descent, the framt yi which he stands 
sliding over the imhined plane of the ladder. 

Mr.^Mfe Hilton has lik ewise ingeniously 
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converted the fixed ladder against a trap door, into a crane for lowering heavy 
8r bulky articles, such as a pipe of wine from a warehouse into a cellar, for the 
commijnication of which invention to the Society of Arts Mr. Hilton •vas 
rewarded an honorary medal. _ 

A very convenient folding ladder is manufactured by Mr. Green, of Gosw^- 
stree^ of which the cut in the preceding page is a representation. Fi^. 3 
shows the ladder as opened out for use ; Fig. 2 shows thejadder in sectionj 
half open, and the manner in which the rounds are jointed to the side rails ; 
,^nd Fig. 1 exhibits the ladder folded up close, forming exteriorly a round pole, 
tapered at each end. Mr. Green has likewise contrived an excellent ladder for 
tfie purpose of^escuing persons who may have the misfortune to sink under 
, ice« ' • ' 

LAKE. A name given to several pigments formed by precipitating colour- 
ing matter with some earth or oxide. The principal lakes are carmine, Florence 
lake, and madder lake ; the first of these has been already described under its 
initial letter. See Carmine. • 

Florentine lake is prepared from the sediment of the cochineal, which is 
deposited in the preparation of carmine, and the red liquor also remaining from 
the same ; these are boiled with the requisite quantity of-water, and afterwards 
precipitated with the solution of tin : this precipitate must be frequently edul- 
corated with water. Exclusive of this, two ounces of fresh cochineal, and one 
of crystals of tartar, are to be boiled with a sufficient quantity of water, poured 
off clear, and precipitated with the solution of tin, and the precipitate washed. 
At the same time two pounds of alum are also to be dissolved in water, preci- 
pitated with a lixivium of potash, and the white earth repeatedly washed with 
boiling water. Finally, both precipitates are to be mixed together in their liquid 
state, put upon a filter and dried. A cheaper kind of crimson lake is prepared, — 
Brazil-wood may be employed instead of cochineal, and treated in the foregoing 
manner. 

Several modes of preparing fine red lakes from the madder of different coun- 
tries were communicated to the Society of Arts by Sir H. C. Englefield, to 
whom the Society awarded a gold medal for the same. The following is his 
process of preparing it from the Dutch crop-madder : — Two ounces troy' of the 
finest quality is to be inclosed in a bag of fine and strong calico, large enough 
to hold three or four times as much ; put it into a large marble or porcelain 
mortar, and pour on it a pint of clear soft water, cold ; press the bag in every 
direction, and pound and rub it about with a pestle, as much as can be done 
without tearing it, and when the water is loaded with colour, pour it off. 
Repeat this process by adding fresh water till all the colour is extracted. Heat 
all the liquor in an earthen or tinned copper vessel, or what is better, a silver , 
vessel, until it just boils ; then pour it into a large earthen vessel, and add to 
' it one ounce troy of alum, dissolved in a pint of boiling soft water, which must 
be thoroughly mixed. Pour in about an ounce and a half of a smurated solution^ 
of sub-carbonate of potash ; a precipitation will ensue; let it stand till cold, when 
the supernatant clear, yellow liquor may be poured off from the red precipitate. 

A quart of boiling water should again be poured on it and well stirred. When 
cool, the colour may be separated from it by filtration through paper in the usual 
way; and boiling water should be poured on it in the filter till it passes through 
of a light stray colour, and free from an alkaline taste. colour may now 

be gently dried, and when quite dry it will be found to weigh half an ounce ; « 
just a fourth part of the weight of the madder employed. ,If ^ss alum be 
employed, the colour will be somewhat deeper : with less than threS-fourtlis of 
an ounce, the whole of the colouring matter will not unite with the ilu.tiina. One 
ounce of alum to two ounces of madder is the best proportion. Spanish madder 
, aSbrds a colour of rather a deeper tint than the Dutch madder, but does qdj;,, 
appear of so pure a red as the ZealJhd crop-madder. The lake produced fiom 
the %)regoiri^ process from Smyrna madder is remarkable for the richness and , 
depth of its tint : the colour may be obtained from tl^e fresh roots of mddder, , 
amiwill prove of equal if not superior quality to the ,dry.* Upon the whrie, 
<he ^uthor of these processes considers th& essential advantage oS» thei?i to 
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consist in the trituration or pressing of the root in cold water. Almost all vege- 
■ table colouring matters may be precipitated into lakes, more or less beautiful, 
by Cleans of Sum or oxide of tin. , • 

'feJjAMP. A vessel in which fluid combustibles are burned for the purpose of 
afiording artificial light. This is effected by means of a wick or burner (com- 
monly composed of a few threads of linen or cotton), which is immersed jn the 
Ifoid, and its upper extremity lighted; the fluid then rising gradually by capil- 
* lary attraction to the lighted end becomes decomposed, and its constituent parts 
form various gaseous compounds, most of which are inflammable, and thesg* 
take fire and burn with a degree of brilliancy varying with tl^ nature of the 
fluid from which they are obtained. The wick being now surrounded by the 
flame of the burning gases is maintained at a l\pat sufficient to decompose f»esh • 
portions of the combustible matter as they continue to rise to it. The office of 
the wick, therefore, is merely to decompose the oil or other fluid, and not to 
afford light by the burning of its own substance ; for although the wick or 
burner is genefally composed of some combustible material, yet provided that 
it be kept plentifully supplied with oil it is consumed so slowly as to afford no 
perceptible increase of light ; and frequently wicks composed of incombustible 
substances -are employed, as asbestos, metallic wire, glass, &c. ; and some years 
back Messrs. S. and D. Gordon obtained a patent for lamps with incombustible 
wicks, formed of the above-named substances, by drawing the material into 
fine threads, which are afterwards formed into small bundles and bound round 
spirally with wire, or rolled up in a piece of fine wire gauze, forming a cylin- 
drical bandage or covering to each bundle. The wicks thus formed contain a 
vast number of minute interstices, arranged longitudinally in parallel lines, and 
being placed in an inflammable volatile liquid (as naphtha or alcohol), the liquid 
is conveyed by capillary attraction to the upper part of the wick for ignition. 
The composition to be burned in these lamps constitutes another branch of the 
improvements mentioned in the patent, and consists of a mixture of one part 
of essential oil with five or six of alcohol or naphtha (which latter is much 
more economical.) By this admixture a much more brilliant light is obtained 
than when alcohol alone is used, whilst the smoke and deposit of carbona- 
ceous matter upon the wick which attends the combustion of essential oils 
by themselves is avoided. These lamps have been made up into a great 
variety of elegant designs, both modern and antique ; they have also been 
fitted into frames and stands to be placed under tea- urns, coffee-biggins, 
and tea-kettles, and are extremely convenient in numerous situations, whilst 
the expense is inconsiderable. They have a circular ring at top for receiv- 
ing the kettle or other culinary vessel, with the lamp in the centre, l3'ing 
•s'in a frame, which may be taken out at pleasure as a distinct apparatus to 
^ afford light instead of heat. The wicks being incombustible, no snuffing or 
attention to them is requisite during the time of ignition ; all that is necessary 
wcis to keep then free from dust when not in use, by screwing on a cap over 
eadi wick tube, and to put the plug in the central air-hole to prevent evapo- 
ration. a 

Mr. Blackadder, of Edinburgh, has also paid attention to the subject of 
lamps with incombustible wicks, and has given in the Edinburgh Philosophical 
V Journal a description of several lamps of this description which he had contrived, 
some of which we»s well adapted for the combustion of essential oils, spirits of 
* turpentine, &e. The burners he employed consisted of short pieces of bugle 
heads ; sqpfe of these he inserted in pieces of talc, and found them to form a 
very conj^enient floating light when placed upon the surface of a portion of oil in 
a glass vessel. Mr. Blackadder’s account of these lamps having called the atten- 
tion of manufacturers to the subject, gave rise to the floating lights now in 
•-c-ach general use as night lights, consisting of a short piece of capillary gtess# 
tube of vet’y small diameter inserted in the bottom of a thin metaUic dish or 
» cup,,and placed in a^glass vessel containing oil. The cut in |^e foliowmg 
^ p^e represents aivimprtved lamp of this description, which has this peculiar 
aflg^ntage over the ordinary onej, that it is capable of yielding four •diStinct 
degrefls of flame, so th^t it may be accommodated to the occasion ; a lf rg#r 

• / • : t 



,1 


LAMPS. 


' I • M 


• ora smaller one being used according as convenient. This effect is produced b}'- 
means of two small weights in tlie form of rings, fitted toJie in a recess HI tin 
bottoni of* the floating dish ; by the addition or removal of these weights^he 
immersion of the dish is regulated so as to cause a greater or less flow of 


• • .. • 



oil through the tube, and consequently to produce a larger or smaller flame ; 
when both weights are removed, the lowest degree of flarne, marked 1 m the 
drawing, is produced ;with the smallest ring, the flame 2 will be obtained ; with 
the largest, the flame 3 ; and with the two rings together, the flame will be 
equal to that marked 4. 

We extract from the Edinburgh Philoso- i i 
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• continued in it a minute or two, turn the stop-cock I, allowing the fluid to drop 
slowly on the heated bulb D below, by which it will be converted into gas. 
WJjen it is found to escape in sufficient quantities from the burners gt F,«et it 
on^e, remove the heater, and a beautiful bright flame will be supported by its 
cwnffieat as long as there is oil in A ; it may be found necessary to replace the, 
firet heater by a sejond. when the lamp is used for the first time, to expel ipore 

• effectually the atmospheric air from the generator and tubes The principle of 
this lamp is the same as that of Mr. Blackadder’s (from which probably the idea 
was taken), viz. to decompose the oil by causing it to pass over an incom- 
bustible substance heated to redness ; but the arrangements are^ore complex; 
and not so efficient. • Besides the objection to the detached heater, Jrom the 
trouble of heating so large a mass, in compariso* with the incombustible wiAs 
in Mr. Blackadder’s plan, the decomposing vessel being of metal, will be found 
far inferior in effect to glass tubes or similar substances of inferior con- 
ducting power, ^nd in a short time would soon become incapable of decom- 
posing the oil, as it is found necessary at the Oil Gas W orks to introduce into the 
retorts pieces of broken bricks, coke, &c., or plates of iron, which are renewed 
daily. The decomposing chamber D, and the circular rim E, both of which 
require to he situated over the flame of the lamp, are also highly objectionable, 
not only as cumbrous and unsightly appendages, hut on account of the 
dark and extensive shadow which they would throw upon the ceiling. 
The size of wick must be proportioned to the degree of light the lamp is required to 
afford, but with the ordinary wicks, composed of cotton yarn slightly twisted, if the 
diameter be much increased, sufficient air does not arrive at the central part of 
the flame to cause the entire combustion of the fuel, and the lamp consequently 
burns with much smoke, and a deposit of carbonaceous matter upon the wick takes 
place ; it is therefore found preferable to use two or more small wdcks instead ot 
one larger one. Count Rumford, whose experiments upon warming and lighting 
have produced such great improvements in these two branches of domestic eco- 
nomy, invented a lamp, the wick of which is formed of a kind of broad tape wove 
for the purpose ; and, as a reading lamp, it is equal to any, whilst at the same time 
its construction is extremely simple : but the greatest improvement yet made in 
lamps, is the .A.rgand lamp, so named from their inventor, M. Argand, of 
Geneva. The distinguishing feature of these lamps is that the wick is hollow 
or tubular, and the wick-holder is so constructed as to allow a passage for the 
air through the centre of the flame, as well as on the exterior, by which means 
every particle of the oil is decomposed and burned, and a most brilliant flame 
is produced, free from smoke or smell. When oil of the best quality is used, 

, lamps of this description are found infinitely superior to all others for all 

• situations where they do not require to be moved about, and are now manu- 
factured in an endless variety of the most tasteful and elegant forms, and with 

various additioijal contrivances for regulating the height of the flame, the flow 
of qil, doing away with shadow of the oil vessel, &c. The annexed cut repre- 
sents a very common and simple descrip- 
tion of Argand lamp, adapted eitHfer to 
stand upon a bracket, or hang against a 
wall. In these lamps the oil surrounding 
the wick is maintained constantly at the 
• same level, by a contrivance similar in 
pringiple to* thp bird fountain, a is the 
oil reservdir or fountain, closed at the top, 
but havifig in aperture at bottom fitted 
with a conical or button valve. The 
ifcj^servoir fits loosely into an outer case b, 
so aSjto allow free admission for the ai» 

« between the two ; c is the neck by which 
the oil flows into the flic^-holder d, which 
is ' ^composed of two concentric tubes 
joined ti^ether at the bottom by a circular 

^pkte, having an apertuft in its centre for 
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I the passage of the air to tiie centre of the flame, equal to the aperture of the- 
interior tube ; e is the circular wick, fixed upon a ring, which can be raJed or 
lowefed at pleasure, by a contrivance winch will require a separate diagram^tor 
its illustration, /is .a glass chimney, to cause a more rapid current of air, "Wind 
^ is a ground glass sli-ade, to equalize the light and soften the glare. To charge 
thedamp, the vessel a is withdrawn from the casing b, and, Jieing inverted, ihe 
valve falls inwards, leaving the aperture open by which the oil is to be intro- 
duced. When the reservoir is filled, the aperture is closed by pulling up the 
wire, or tail, projecting from the valve, and the reservoir may be returned to 
.its erect position without anv escape of oil. Upon replacing it within the 
casing b- before it quite reaches the shoulder of the case 1 ^ winch it is supported, 
tiTe tail of the valve rests upofi the bottom of the case, and the valve is pushed 
inwards, upon which the oil flows from the reservoir into the casing and wick- 
holder, until it touches the bottom of the reservoir, which descends a little below 
the level of the wick-holder, when the admission of the air into the reservoir 
being prevented by the oil in the casing i covering the aperture, no more oil 
can escape. Upon lighting the lamp, as the oil rises to the wick by its capillary 
attraction, the level falls in the casing b, and the aperture in the vessel a 
becoming uncovered, the air enters and e.xpels a fresh portion of oil, until the 
level of the oil rises in the case and closes the aperture ; and thus, during the 
time the lamp continues lighted, the oil in the casing and wick-holder is constantly 
maintained at the same level ; a small cup h is screwed on below the wiok- 
holder to receive any oil which may chance to overflow ; care being taken that 
the cup shall be so far below the circular aperture of the wick-holder as not to 
impede the passage of the air to the flame. We shall now proceed to describe 
the means bj' which the wick is raised or lowered in order to regulate the 
flame. The adjoining figure represents a sec- 
tion of the wick-holder, except that part of the 
internal tube is shown entire in order to e.x- 
hibit more clearly a spiral groove which makes 
two or three turns round it. a is the wick, the 
lower end of which is drawn over a small metal 
ring b, which has a small stud c, projecting 
each way, the internal end entering the spiral 
groove on the surface of the centre tube, and 
the external end pa.ssii)g through a longitudinal 
slit or groove, extending the whole length of 
a tube d, which is soldered into a ring, or 
collar, resting upon the top of the external 
tube of the wick-holder; from this ring, or 
collar, proceed the bent wires e e, which sup- 
port the rim /, upon which the chimney g 
rests. Now, upon considering the figure, it 
will be seen that on turning the rim /, thi 
tube d, which is connected with it by the Ijent 
wires e e, will also be turned round, and will 
carry with it the ring b, by its stud c; and as 
one end of the stud is engaged in the spiral 
groove, it will, in turning round, either ascend 
or descend along the groove, according to the 
direction in which it is turned ; h is the tube 
by which the oil flows to the wick, and k is the 
cup to receive any overflowings. When lamps are required to give light in oim 
direction, as when placed against a wall, or used as reading ^mps, the founta:?-* 
'lamps, similar to that just described, %re undoubtedly superior to all'othtrs, on 
account of the abundant and uniform supply of oil which they afford tg the 
wick' but \?heu a lamp is required to throw a light rW roupd, as when placed 
on ^ table in the centre of a room, the fountain becomes objectionably on 
^ourft of the shade it throws; 011 this case the burner is usually mouiftyd u[)on 
aCcfUmn, and is encircled by a bolIow,ring at^ distance of some inches frSm, 
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•it, containing the oil which flows to the burner by two tubes, and in order that < 
the lecel of the oil may not gi-eatlj' vary, the ring is made as flat as possible. 
Thjtring also supports a ground glass shade, which, besides softeningithe light, 
by peculiar form, so reflects and refracts the rays in every diiection as Clearly 

• 



* *to prevent* any shadow tiekigcast by the reservoir; hence these lamjH are termed 
i • ‘sinijmbra,” or “ shadowless lamps.” But although the shadow throj'n#by 
such is scarcely perceptible, the light is*not equal to that of fountain* 

• lanrps, -owing to the suppty of ojj being qeither so copious nor so uniform al in 
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, the latter ; and they are also somewhat cumbrous and awkward to move, owing 
to the projection of the reservoir and glass shade, and to the centre of gravity of 
the lamp»being carried so high up. To remedy these defects has long be^ a 
fdvouflte speculation with many persons, and generally every year one or'^iore 
patents are taken out for lamps which are supplied with oil from a reservoir si'mated 
within the column which supports the burner. Few of these possess any clt^ms 
to novelty, being most of tSem founded upon the principle of the Chremnitz 
fountain, in which a body of water descending through a given height forces a 

*• smaller quantity of water, contained in a close vessel, up to nearly an equal 
• height by cctnpressing the air above its surface. As illustrative of the prin- 
ciple we shall describe one or two of these lamps, althoagh Ss we have already 

• remarked, ferv of them e,xhfbit much originality of thought. The figure on 

page 36 represents an arrangement for a lamp described in the Reyister of ArU 
as the invention of a correspondent in which the resemblance to the Chremnitz 
fountain will be at once recognised, a is a vessel containing water ; b an oil 
vessel ; c e a column and pedestal to support the lamp, closed at the top and 
bottom, and forming the air vessel ; d an air tube in a, open at top and 
bottom ; e a tube soldered into the top of the column c, and proceeding from 
the bottom of a to the bottom of cupy,- g a similar tube soldered to c, and 
proceeding from b, the lower end descends a little way into the cup h ; i is a 
glass tube ascending from the bottom of the cup k, through a tight joint, and 
branching at top into three capillarj' jets, forming the burner, and the tube /, 
which suiTounds it, serves to receive any oil that may flow over ; m and n are 
two plugs in the bottom of e and g. To use the lamp proceed as follows : 
— Invert the lamp, withdraw the plugs ?« and n, fill a with water, and b with 
oil ; then replace the plugs in the position shown in the drawing, and place the 
lamp on its base. The oil will now flow from b into h, until the mouth of the 
tube g is covered ; at the same time the water flowing from a into / will 
compress the air in c, which, acting on the surface of the oil in h, will force 
it up the tube i to the burners ; by this the oil in A will fall below the mouth of 
g, when a portion of the compressed air passes into b, displacing an equal bulk 
of oil ; by these means the oil in A is always maintained at the same level as 
the mouth of g ; the capacity of a is not equal to that of the base up to the 
level of the brim of the cup /,- but it is clear that by means of the air-tube d, 
the height of the column of water will always be equal to the height of the 
lower opening of d, above the brim of /. To extinguish the lamp, push the 
plugs m and n into the necks of e and g, which stops the supply of oil. The 
cup /is screwed into the bottom of c, and must be unscrewed to discharge the 
water in c, when the vessel becomes empty. ., 

In the sketch on page 38, Fig. 1, represents a section of a lamp invented by 
Mr. Bright, of Bruton Street, which was exhibited at the National Repository, and 
which we have seen in use elsewhere, and it appeared to us Jo aftbrd a stronp-^ 
and steady light. The principle is precisely similar to that of the one just 
described, but it is much more compact, and the general arrangement is better. 
This lamp, and the mode of its action, maV be briefly described as follows : — The 
water vessel b is an inverted fountain, which empties itself into the air chamber 
c, through the pipe d ; the air thus displaced is forced up the rising bent 
tube e into the oil vessel a, from whence, as it cannot escane, it presses upon the 
oil and forces’it up the pipe / to the burner g. It will oe seen that by this • 
arrangement the two columns of oil and water will be constantly<in equilibrio. 

The last lamp upon this static principle which we shall notice, diflie^ somewhat 
from the preceding, and possesses rather more novelty. It is reprtse.^ted in sec- 
tion on p. 38, Fig. 2, and the following is an extract from the inventor’s description 
of it in the Register of Arts ; — a a glass vessel forming the body of the laml)^ , 

* surmounted by a glass column contitcted with a by the cork c, whic4i fitj tightly 
into each, and closed at top by the cork A. No, 3 a glass tube descending, 
throligh th5 two corks A and c, to the bottom of the feSsel n, and bept u|*wards, 
ag jin as far as y, it communicates with the column by the ftole / which may be 

, closed by a sliding tube 5, anrjthe latter be closed by the stopper A at it^ top. 
Ni< 1 a glass tube passing through the corks A .me? (, its lower end’opc’iin|; 
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into a, and its upper connected by a stop cock with d, a glass vessel closed , 
at toptand bottom with corks, e a capillary tube descending half way down d. 
No^ a tube passing through h and c, and reaching to the hott^ra a; 
it h^ two small openings into the column in its upper part, which nfey be 
closed by the stopper 1. No. 4, (not seen in the section, but shown in Fig. 3, 
whi^;h is a plan of the tubes,) is a tube passing through h and c into the upper 
part of a. The mode of filling thelam'p is as follows : close the hole/in No. 2, 



* • 



• and gpen 1, 2, and 3, ai^d through 5 pour quicksilver till a is filled to the leyel of 

• the top of the bent ,leg gf then close 5 by its stopper k. In the top of 3 insert 
a bqpt tube, (shown by the dotted lines,) and suck the air out of the qplirnn, 
when mercury will rjse in 3, pass through ^e holes in its upper end,^an^ 
txjfupy the space shown by tl^- dottc^ lines. Remove the bent tube, and 
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^ insert the stopper /, and through 4 pour water into «, up to the line b b, and 
oil up to the cock c, and close No. 4, and the operation is complete. When the' 
lamp is Mjpnted for use, take the stopper out of No. 5, and raise 5 till th* hole 
/becoTnes open, when the mercury will descend and pass over g into the bc.'fom 
of a, forcing the oil up No. 1 to the burner e, to which a light being applj,?d, it 
will continue burning steadily till the oil in a and the mercury in i are ex- 
hausted, when the lamp is to be refilled by exhausting the £(ir in i, and poui*lng 
oil through No. 4. The flame may be regulated or extinguished by means of 
> the stop-cock. The height of e above g may be equal to, but must not exceed, 

, that of a cohjmn of oil, whose pressure shall be equivalent to the pressure of 
the column of mercury. •, • 

• From the foregoing description, it will be seen that the columns of oil and 
of mercury always maintain their respective heights, and the supply of oil 
to the burner is consequently always uniform. The inventor states, that the 
lamp (which was merely got up for an experiment) afforded a steady light 
upon trial. ’ 

In the lamp which is represented in section in the annexed engraving, and 
which is the invention of R. F. Jenoiir, the air is compressed in a closed 
reservoir, by means of a condensing 
syringe, and a communication being 
formed between the air chamber and 
the oil chamber, the air by its expan- 
sion forces the oil up the supply' pipe 
to the burner. The body of the 
lamp is divided into three compart- 
ments by two discs, a and b ; c h the 
oil vessel, d a space to receive the 
overflowings from the burner, and e 
the air vessel ; / is a condensing 
syringe, the piston rod of which g is 
hollow ; the lower end of the syringe 
is closed by a valve h. pressed against 
it by springs ; a rod from this valve 
passes through g, and can be screwed 
up by the nut A-; / is a tube connect- 
ing the oil vessel ewith the air vessel 
e, which has another aperture to the 
atmosphere, closed by the nut m ; n is 
the tube for supplying the burner, 
having a capillary tube.o, cemented 
into its lower end, which descends to 
the bottom of the oil vessel ; ^ is a 
stop-cock for cutting off the commu- 
nication with the burner, which being 
of tile common description is not 
shown. The middle compartment d 
opens to the atmosphere by a short 
tube q, surrounding n ; r is a tube 
opening into* c ; it is pierced with 
numerous holes at the lower end, 
and is closed by a valve which is ' \ * 

secured by a nut s screwing on to the top of a rod attached to the »alve ; t an 
air pipe descending from the top of e to the bottom of c ; the air, therefoie, 
ascends through the oil in c, and collects above its surface and in the air ves«el 
(T. To charge the lamp with oil t^iscrew the nut m, am? slacken the nut’ 5, * 
then pour in oil by the tube q, and it will descend into c through the ho^es in r ^ 
the*i!Ut3 «»*and s must then be screwed down again^ *The nut k must iJow be 
ui^crewed from the rod of the valve k, and the air injected by the sj'ringe,' 

^ taxing care to close the oiifice of the piston rod, applying the f^ngei* to_ it 
attach stroke; when the rcsisTance against the valv» increases, till thi’syringe 
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can no longer be worked, the not I- must be again screwed on, and the lamp is 
ready ^or use, by merely opening the stop-cock p. There have been many ' 
lamps upon the principle of the one just described, but from the di^cuUy of 
regiltating them, they have not come into general use ; this difficulty avkes in 
part fi-om the continually varying pressure of the condensed air, occasioned by 
its Jncrease of volume as the oil consumes, and also from the difficulty of 
regulating the supply of oil to the burner, so as neither to overflow nor fall 
short of what is required. In a lamp invented by Mr. Machell, a piece of 
cotton is introduced through the bore of a cock, when, by turning the plug, the ,« 
passage may he regulated with considerable accuracy. In the present lamp, 
the patentee effecte this by a capillary tube, which retards the How of oil in * 
proportion as it is lengthened, and this is the ^ritipipal improvement claimed in « 
the patent. The objection to this seems to be 'that the flow cannot be regulated 
at pleasure. Upon the whole, although many of the lamps with the oil reser- 
voir contained in the base, exhibit considerable ingenuity in various parts of 
their details, yet very few have been found to answer in practice, being mostly 
either troublesome to manage, or unequal in their action ; and the only lamp 
of this description which we have 3-et seen which seems to be of decided prac- 
tical utility is one of French invention. In this lamp there are two small 
pumps worked by a train of clock-work situated beneath the reservoir of oil 
in the pedestal of the lamp. These pumps, which in their construction resemble 
a pair of bellows, work with very little friction, and impel the oil in a copious 
stream to the burner, and no inconvenience can result from an excess in the 
supply as the overflow merely returns into the reservoir. 

We shall now proceed to notice one or two lamps adapted to the burning of 
concrete oils and solid unctuous substances, as fat, tallow, butter of cacao. For 
the purpose of illumination these substances are on a par with oil, affording an 
equally brilliant light and at a much less cost; but in order to burn them in a 
lamp it is requisite previously to render them fluid, and to maintain them 
in that state so long as the lamp is in use. Various arrangements are 
employed for this purpose, but the principle is the same in all ; viz. to convey a 
portion of the heat arising from the flame of the lamp to the combustible matter, 
by means of some good conductor, as an iron or copper 
tube orwire inserted in the combustiblemass, and coming 
in contact or nearly so with the flame. A very simple 
lamp of this description is exhibited in tbe annexed cut ; 
a is the fat rendered fluid, lying in tbe body of tbe 
lamp ; (the cover of the lamp being removed to show 
the interior ;) c is a small tube to convey air into the 
"middle of the flame (to perfect the combustion, on the, 
principle of the Argand bui-ner) ; this tube opens at 
the lower end into the large tube b, as shown b\' dots ; 

^ small perforation is also made at d, to allow the air 
to flow freelj' into the tube c, when the lamp is fixed 
in the socket of a candlestick. On each side of the 
air tube a short piece of copper pipe is fixed by hard 
solder, for holding the cotton wicks ; these tubes 
(which ought to be longer) get intensely hot, and, by 
4 the conducting powfe* of the metal, the heat is trans- 
mitted to the^at, which, melting in consequence, flows 
up thb wide like 'fine oil, but infinitely preferable, on 
account o^ itstdiffusing no unpleasant smell during the 
combustion. 

^ .The Hon. E. Cochrane obtained a patent for a lamp, named by him the 
^Patent Dissolvenf Lamp,” which, like tli« one just described,, is calculated fo • 

^ burn tSilow and concrete oils. These lamps, which have been very extensively • 
^ manufactured m a varied}' of elegant forms by Mr. Jose, of Regent-*reet, ^ord 
^ an extiemelj' brilliant lignt at a v'ery small cost. The engraving and descrip- 
tion ^n thg following page will explain the princhde of these lamps, a a tR'e^wo 
j sohd btftt metal rods thaticonduct the heat received from the flame of the lanf^ to* 

• ^ A • 
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the tallow contained in the i-eservoir h; the ends of tliese conductors are there- 

• fore made to descend to the bottom of the reservoir ; c c are two apertures (with 
covers that screw on) made in the supply pipe, for the purpose of pouriSg in a 
small qi&ntity of melted tallow upon 
lighting the lamp, after which the 
heat from the combustion being con- 
ducted into the reservoir, the supply 
of fluid tallow is uniformly kept up 

( until it is all consumed. 

We extract from a printed circular 

* of the manufacturer the following 
, observations on tbe advant^es at- 
tending the use of these lamps : — 

“ To those acquainted with the 
superior combustible properties of 
taUow and cocoa-nut oil, it is un- 
necessary to say more than that 
these lamps effectually melt and 
burn both, and .that the price of the 
latter, at the manufactory, is 2s. 6d. 
per gallon ; but to others, to whom 
their good qualities are less known, 
it is necessary to state, that from 
the comparatively small portion of 
oxygen necessary to complete their 
combustion, the total absence of 
smoke and smell is insured, and the 
brilliancy of the flame is such as no 
lamp ever before produced, and 
nothing but the best gas-light can 
equal. To families who kill their 
own meat, innkeepers, proprietors of 
cook-shops, &c. &c. a two-fold ad- 
vantage will be found in the use of 
these lamps, as it is not merely tallow that they bum, but grease of every 
description, such as dripping, pot skimmings, &c. &c., a pound of which, value 
about 3d., will continue to bum for full twelve hours in a common-sized dis- 
solvent Argand burner, to yield light equal to eight candles, being no more 
than a farthing an hour.” 

The following ingenious plan for a lamp to bum under water appeared' 
in the Register of Arts, in connexion with a diving apparatus, for examining 
the breaches in the Thames Tunnel, and might very oten be of service in the 
diving bell, when the water, as is frequently the case, is » disturbed thr.l'* 
sufficient light is not refracted through it at great depths to permit accurate 
examination. A spherical or cytindrical,vessel is to be provided, similar to tbe 
vessels containing the portable gas for burning; into this a few atmospheres of 
pure oxygen are to be condensed by a syringe, through a valve at the bottom : 
a short jet tube is then to be screwed into the top of the vessel. A lantern, 
with a strong and powerful reflector, must be attached to»the upper part of the 
vessel containing the condensed oxygen, permitting the jet tube to enter the * 
lantern. The top of the lantern must be provided with a screw* cqp; a. piece 
of wax candle may be advantageously employed for the light. ^It js needless 
to say that the apparatus must be air and water tight. Immediately before 
use, pour into the lamp a solution of caustic alkali, potash or soda, and scr^w 
^ qn the cap ; then turn the cock gently to admit a sufficient*quantitv of oxygs:* » 
through the jet tube, to support till combustion of the candle. Ine products 
of tjje combustion will be carbonic acid and water ; the^former will be absorbed • 
by the alkmine solution as it is formed, and the lattcV willjje condensed by the » 
sides ^f the lantern ; the oxygen admitted will unite with the nitrogen of the 
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air of the lantern (which is not consumed) , and will form a supply of ordinary 
atmospheric air. 

Th^annexed figure represents a lamp as constructed by the inventor, wMcb, 
upofs frial, was found to answer very well, ‘ , 






1 • 

Reference to Engraving. — a, the vessel of condensed gas ; h h, the reflectors, 
jlaced at suitable angles to accumulate the light upon a bull’s eye magnifier 
Sed in fro«t, hut Amoved in the drawing^to show the interior of the lanteri* ; 

the ?crew cap of the lantern ; d, the alkaline solution ; e, the jet pipe ; f, 
jortiwns of the shield fuaines of the tunnel ; h, accumulation of mijd and ^rth 
IS it may "be supposed to have entered the tunnel. 

TBe cuf on p. 43, represents one of the many waj s in which the “ mv^* 
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mind ” in the present day accelerates the march of 
the body ; the subject is a “ stirrup lantern,” in- 
tended, in the words of Scripture, as a “ light unto 
our feet, ^nd a lamp unto our paths.” The stirrup 
lantern is a small square lantern, fixed at the bottom 
of a stirrup by means of two screw rings on each 
side, as exhibited in the drawing, and by unscrewing 
them, the lantern may be detached from the stirrup 
•, when requisite. The lamp part is so contrived that 
^ no oil can be spilt, nor the steady light which is 
’ thrown acros? the road before the horse’s feet be at 
* ail impaired by any motion of the horse. The front 
part, as shown in the drawing, is of glass, through 
which is seen the lamp, burner, and wick ; behind, 
there is placed a reflector for transmitting the light 
to the front. It is supplied with a constant current 
of air, by means of apertures, in a sort of double 
casing, which is so disposed as to prevent aii}' gust 
of wind from extinguishing the light. 

Amongst the numerous contrivances for rendering lamps ornamental, 
is a very singular one, which we must briefly notice : it consists in surrounding 
the light by screens of ground glass, on which are painted various elegant 
devices ; these screens are suspended upon a fine pivot, in the same way as a 
common chimney cowl, and have fixed across their upper orifice a number of 
oblique vanes or fans ; and the current of heated air from the lamp, impinging 
upon these vanes, imparts to the screens a slow rotatory motion. The pleasing 
effect of crystal chandelier ornaments in refracting the rays of light is well 
known; but the chandelier makers have hitherto principally devoted their 
attention to increasing the number of reflecting and refracting surfaces, without 
pajring much regard to their form, magnitude, or position with respect to each 
other. Mr. Osier, of Birmingham, however, has lately introduced a great 
improvement in this branch of the subject; instead of a great number of 
detached crystal drops, he forms a complete casing for the light by ranging a 
number of square or triangular prisms in a cylindrical or conical figure, the 
sides of the prisms touching each other, and their ends being connected by 
various ingenious means, for which he has a patent. The efiect thus produced 
by the large surface of the prisms is exceedingly brilliant and splendid. 

We shall conclude this article by a description of that admirable invention of 
Sir H. Davy, the “ safety lamp,” by the aid of which the hazardous occupa- 
tions of the miner are now carried on with considerably less difficulty, and with, 
infinitely less danger, than before this invention. Tire gases extricated in 
mines (which are destructive to animal life) are of two kinds, and are by the 
miners called the choak damp, and the fire damp ; the formej consists for th<».« 
most part of carbonic acid gas, hovers about the lower parts of the mine, and 
extinguishes their lights ; and the latter, which is simply hydrogen gas, occu- 
pies the superior spaces, and involves incalculable mischief, from the combustion 
produced by its contact with the flame of the miners’ candles. The consequences 
resulting from the frequent explosion of this inflammable air, have been lament- 
able and tremendous in the highest degree ; and whilst ^ f ource of the greatest 
terror to the persons most intimately affected by its operations, it has excited the » 
deepest sympathy and commiseration in the general min^. Vo rempve an 
evil so dreadful in its nature. Sir H. Davy applied his energetic 3nd compre- 
hensive mind to the discovery of some means by which these sadddliin^ calamities 
might be averted, and after numerous experiments, devised the safety lamp, 
«n invention that must ever rank him high among the beijefactors of mankijiji. 
To afford a clear idea of the na'IUre of the lamp, we shall avaX oui^elves of 
th^langu^e of Dr. Ure, who has treated it, and the points relatively consequent-, 
upon it, in a very masterly manner. “ In the partstoDcoal mines where Sanger, 
-vns apprehended fromfire-damp, miners had been accustom’ed to guide themsel °es. 
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or to work, by the light afforded by the sparka of steel struck off from a wheel of 
flint. But even this apparatus, though much less dangerous than a candle, some- 
times produced explosions of the fire-damp. A perfect security from accideijt is, 
hoi^ver, offered to the miner, in the use of a safe lamp, which transmits it^igh^ 
and is fed with air, through a cylinder of iron or copper wire gauze ; and this fine 
invenvion has the advantage of requiring no machinery, no philosopliical know- 
ledge to direct its uje, and is made at a very cheap rate. The apertures in the 
gauze should not be more than l-20th of an inch square. As the fire-damp is 
not inflamed hy ignited wire, the thickness of the wire is not of importance, 
but wire from l^Oth to l-50th of an inch in diameter is most convenient. 
The cage or cylinder should be made by double joinings, the gauz#being folded 
over in such a mannef as to leave no apertures. When it is cylindrical, 
should not be more than two inches in diameter f for in larger cylinders, the 
combustion of the fire-damp renders the top inconveniently hot ; and a double 
top is always a proper precaution, fixed one-half or three-fourths of an 
inch above the first top. The gauze cylinders should be fastened to the 
lamp by a screw of four or five turns, and fitted to the screw by a tight ring. 
AU joinings in the lamp should be made with bard solder ; and the security 
depends upon the circumstance, that no aperture exists in the apparatus larger 
than in the wire gauze.” The parts of the lamp are — A, 
the brass cistern which contains the oil, pierced near the 
centre with a vertical narrow tube, nearly filled with 
a wire which is recurved above, in the level of the burner, 
to trim the wick, by acting on the lower end of the wire, 
with the fingers : it is called the safety trimmer. B, the 
rim in which the wire gauze cover is fixed, and which is 
fastened to the cistern by a movable screw. C, an 
aperture for supplying oil, fitted with a screw or cork, 
and which communicates with the bottom of the cistern 
by a tube ; and a central aperture for the wick. D, the 
burner, or receptacle for the wick, over which is fixed 
the coil of platinum wire. F, the wire gauze cylinder, 
which should not have less than 625 apertures to the 
square inch. G, the second top, three-fourths of an inch 
above the first, surmounted by a brass or copper plate, 
to which the rings of suspension are fixed. I, I, I, six 
thick vertical wires, joining the cistern below to the top 
plate, and serving a^rotecting and strengthening pillars 
round the cage. When the wire-gauze safe lamp is 
lighted and introduced into an atmosphere gradually 
mixed with fire-damp, the first effect of the fire-damp is 
to increase the length and size of the flame. When the 
■J^flammable gas forms as much as 1-I2th of the volume 
of the air, the cjdinder becomes filled with a feeble blue 
flame,'but the flame of the wick appears burning brightly 
within the blue flame, and the light of tlfe lamp augments, 
till the fire-damp increases to one-eighth or one-fourth, 
when it is lost in the flame of the fire-damp ; which in 
this case fills the cyli\j4er with a pretty strong light. As 
*long as any explosive mixture of gas exists in contact 
with tjje laiOT,4^ so.long it will give Ught ; and when it is 
extinguished which happens when the foul air constitutes 
as much a#on8-third of the volume of the atmosphere, 
the air is no longer proper for respiration ; for though animal life will continue 
*wjl^re flame is extinguished, yet it is always with suffering. By fixing a coij 
of platiqjim *ire above the wick, ignition continue in the metal when the 
Jamp is itself extinguished ; and from the ignited wire, the wick m^ be a^ain 
^ekmdTed in going intcf af less inflammable atmosphere. In a letter to the 
Royal^ Society, dated Newcastle-upon-Tyne, Sir H. Davy says, “All the jpmps 
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that I have examined, have at different times been red-hot, and a workman at 
the Hepburn Colliery showed me a lamp, which, though it had been in use 
about sixteen hours a-day for nearly three months, was still in excellent%on- 
dition; Jie 51so said it had been red-hot, sometimes for several hours togethjr. 
Wherever workmen, however, are exposed to such highly explosive mixtures, 
double gauze lamps should be used ; or a lamp in which the circulation of*the 
air is diminished by a tin plate reflector, placed in the insida; or a cylinder fcf 
glass, reaching as high as the double wire, with an aperture in the inside ; or 
.slips of Muscovy glass may be placed within this lamp ; and in this way the 
quantity of fire-damp consumed, and consequently of heat produced, may be 
diminished to ally extent. Such lamps, likewise, may be moye easily cleaned 
« thaj> the simple wire gauze lamps ; for the smoke may* be wiped off in an 
instant from the tin plate or glaSs. If a blower or strong current of fire-damp 
is to be approached, double gauze lamps, or 
lamps in which the circulation of the air is inter- 
rupted by' slips of metal or glass should be used, 
if the single lamp be employed, it should 


be put into a common horn or glass lantern, 
the door of which may be removed or open.” 

Notwithstanding the increased security afforded 
by the safety lamp, coal miners are slow to avail 
themselves of it, owing to the inferior degree 
of light it affords compared with that given by a 
naked candle. Tliis arises from two causes, viz. 
the necessary obstruction offered by the black wire, 
of which the cage or gauze is composed, within 
which the lamp is placed ; and the casual obstruc- 
tion occasioned by the adhesion of smoke to the 
inside of the cage, when the lamp is not carefully 
trimmed, and of smut and dust to the outside of 
the cage. 

To obviate these objections, Mr. Roberts, of 
St. Helen’s, Lancashire, has introduced some 
modifications and improvements in the construc- 
tion of the safety lamp, for which he has received 
a reward from the Society of Arts. To dimmish 
the obscuration occasioned by the first cause, 
Mr. Roberts proposes that the wire shall be kept 
bright and polished, by cleaning the cage every 
night with a soft brush, and the black powder, or 
smut, which occurs in all coal mines, especially in 
' the neighbourhood of faults ; this smut is pulveru- 
lent non-bitumenous coal, sufiiciently bard to re- 
move the rust from the surface of the wire, without 
materially wearing the wire itself. As thejiampis 
at present constructed, the oil will run out of the 
cup or receptacle in which (it is placed, if the 
lamp is laid in a horizontal position, an accident 
which frequently occurs on account of the lamp 
being rather top heavy. When this happens, the 
gauze becomes smeared over with viscid oil, which 
causes the coal dust floating in the air of the mine 
to adhere to it, and in a short time to fill up, more 
or less, the meshes of the gauze. By merely 
^hajung or tapping the lamp, the dust will not be 
dislodged ; and if the miner attempt? to clear his 
lamp 5y blovjng through the wire gauze, he runs 
the risk of putting out the light, and, after all, 
veryfimperfectly clears the meshes ; tliere is also, 
perh^s, some risk of forcing tip flame through 
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the meshes on the opposite side, and of producing an explosion, if the sur- 
rounding air is inflammable. In Mr. Roberts’s lamp the overflow of the oil 
is ilapossible, on account of the dome-shaped cover which surrounds th^ wick ; 
#ie dust, therefore, that settles on the gauze may be dislodged*by«a mere 
t^jj of the finger, or what would perhaps be better, by the application of a 
small brush similar to that which soldiers carry to clear the pan of their 
fliuskets, and which might be attached by a bit of small chain to the handle 
of the lamp. Fig. 1, on the preceding page, represents a section of the lamp^ p, 
and wire gauze q q; rr, a screwed cap, with a hollow dome s ; it screws into , 
the neck, t t, of the lamp ; the dome rises a little above the neck holder u, 
having an opening ^t top to let the wick and trimming wir#r;, rise througB. 
This dome serves to catch and retain any oil that may be spilt by shaking^the , 
lamp, or knocking it over, thereby protecting the wire gauze q from being 
smeared : w and x, two locks, the former to secure the cap q, and the latter to 
secure the wire gauze q from being removed. Fig. 2, a section of the cap and 
dome, rr s, sejferate from the lamp ; the wire gauze fits into the cavity y y, around 
the dome s ; z z, two of the four wires which serve to hold the wire gauze. 

Mr. Bonner, of Monkwearmouth, Durham, has a patent for an improvement 
upon the safety lamp, which consists in a means of increasing the light of the 
lamp, and also of extinguishing it instantaneously. The mode of increasing 
the light is as follows : — Instead of introducing a wick in the centre of the 
lamp, as is usually practised, he introduces a series of small wicks round a 
centre tube, and by lighting one, two, or more wicks at a time, little or much 
light is obtained. The means of instantly extinguishing the light consists in a 
metal cap, or extinguisher, suspended within the wire gauze tube by a pin or 
catch ; upon withdrawing the pin the extinguisher falls over the wick and the 
light is put out 

In Mr. Murray’s safety lamp the wire gauze tube is suspended by two con- 
centric tubes of strong glass, the space between the two tubes being nearly filled 
with water; by this means a much greater degree of light is obtained, but we 
are not sure that the risk is not also greater than when a wire gauze tube is 
employed. 

LAMP-BLACK. See Bcace. ' 

LANCET. A two-edged and pointed surgical instrument, chiefly used for 
opening veins in the operation of bleeding. 

LANTERN. A transparent case to contain a ligl^ Lanterns are of various 
kinds adapted to their peculiar uses ; most of them afeThowever, too well known 
to need a description here. The dark lantern is so called fi-om the circumstance 
of the light being entirely screened fi-om observation at pleasure, by means of a 
door or sliding shutter, that covers its only aperture for the transmission of 
light. See Lamp. 

Lantern, Magic, is an amusing optical machine, whereby painted objects • 
upon glass pkiced between lenses, become considerably magnified in their 
shadows, which are projected against a whitened wall or screen. The lantern 
is inclosed so that no light can pass,out of it, except through a double convex 
or plano-convex lens ; around the circumference of this lens is fixed one end 
of a tube that projects from the lantern ; the fine end of this tube receives 
another smaller tube which slides in it, and carries at its remote extremity a 
double convex ler.s. On the fixed tube between the two lenses, lateral aper- 
tures, or VCTtical slits are made, through which the objects painted on slips of 
gWs are snded. The objects are thus illuminated, and their form and colours, 
on a mq^ni^ed scale, transmitted with the light upon the screen. 

The optical delusion tei-med Phantasmagoria, is produced by a similar 
^machine to the magic-lantern ; but instead of the figures being painted on 
•transparent glass, all the glass is rendered opaque except the figure, whieV is, 
painted m transparent colours, the ligSt therefore shines only through the 
figjjre, which is throvjn upon a very thin screen of silk placed betyeen thp spec- 
tators and the lapfern ; *and it is by moving the instrument backwards or for- 
wards, that the fibres appear to recede or approach. , • _ 

LAPIDIFICATION^. The art of cuttingsand polishing stones as pr^tisad 
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by lapidaries. The stone to be cut is cemented to the end of a stick, and the 
ditFerent facets or planes on its surfaces are formed by a little simple mill con- 
trived ^or the purpose. In India the mill is made of a mixture of lac r#sin 
and emefy i.'br corundum) by melting one part of the former, and then mixing 
two of the latter with it by degrees; and, subsequently, well beating a:»d 
rolling the paste to give it solidity, and the required form. In this countly, 
the soft metals, such as fine copper, or the alloys of tin and Ipad, are used £* 
the substance for the mill or grinding-wheel ; in the surface of which is 
^impressed diamond dust, emery powder, or other suitable abrading or polishing 
{)owders. The mill is made to revolve horizontally. Near to the mUl is fixed 
a'thick upright {leg of wood, called a guage, which is pierced with small holes 
^ in all directions, and the process of forming the facets thus takes place. The 
stone at one end of the stick* is applied to the surface of the mill, and the 
opposite end of the stick is inserted into one of the holes of the guage ; in 
this position it is kept steady by the workman with his right hand, whilst he 
gives motion to the mill by his left. The skill of the lapidary is exercised in 
regulating the velocity of the mill, and on the pressure of the stone against it, 
with an almost imperceptible tendency to one or other direction in different 
stages of the work, examining each facet at very short intervals, in order to 
giving as great precision as possible to its size and form. The cutting being 
completed, the polishing is effected by changing the mill-wheel for another 
usually made of brass, the surface of which is charged with fine emery, tripoli 
or rotten-stone, by the successive use of which the facets are perfected and 
brightened. 

LATCH. A simple fastening to doors. The original and simplest form 
of a latch, is the little falling bar hooked, and the catch ; the former being 
fixed on the door, and dropping into a notch of the latter, which is fixed to the 
door-post. On the opposite side of the door such latches were formerly lifted 
by a string passing through the door, or by a finger inserted through a hole 
under the latch. In process of time a little lever was made to perform this 
otfice, and next to the lever was added a bowed handle. This very useful com- 
bination now goes by the name of a thumb latch, and such are our facilities of 
manufacture, that millions of these are made annually in the neighbourhood of 
Birmingham, and rendered to the dealers at prices averaging not more than 
three half-pence each. The work people, are, however, very inadequately 
remunerated for their valuable labour. Thumb latches of a more massive and 
finished description, with round black varnished handles, are distinguished from 
the former by the term of Norfolk latches. For the inner doors of houses a 
variety of spring latches are extensively used termed bow latches, (which are 
those on square plates with brass knob or ring handles,) and long latches (chiefly 
distinguished from the other by the length and form of their plates). Some of 
these are made without handles, and keys are employed to open them exter- 
nally ; but wherever elegance or neatness is studied, mortise laffhes are used ; 
these are let into the thickness of the door in the manner of mortise locks, and 
nothing is visible on either side of the door but an ornamental handle ; the 
folding windows called French sashes are usually provided with them. There 
is another kind of latch which affords all the security of a lock, with numerous 
wards, termed the French latch. A small, but broad, flat key, having numerous 
wards cut out of a solid plate of metal, is passed through q jiarro w horizontal 
perforation in the door (covered with a suitable escutcheon), whence it enters 
the body of the latch ; the key being then merely lifted upwqrdk the sglid 
wards of the latch pass through the interstices of the key, permitting Sie latter 
thus to unlatch the door. * * 

A very simple and convenient common latch, well adapted to stable doors, was 
rec|ntly invented by Mr. T. N. Parker, of Sweeny, which we^wil! take leave to.’ 
Tiall the pull latch, as it may be openeA on either side of the door by Jl pul|. It 
is represented in the cut on the following page ; a a is a curved piece of iron 
like th’e letter* A, which turns upon a joint at b, and JiasSes through a hole ”n 
the d^ior at c, and supports the latch d, which is inclosed by fhe usual keeper e. 
CJn one ’side of the door the curbed hook a acts as a lever of the first class 
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in lifting the latch ; while in the other the curved 
hook a acts as a lever of the second class for the same 
pu^ose. The common lever is thus converted into two 
Sandies besides performing its own office. 

• laths are long, thin, and narrow slips of wood 
naded to the rafters of a roof to sustain the covering, or 
ft) the joists of a room, in order to support or hold up 
the plaistered ceiling ; they are also used for light 
fencing and various other purposes. Laths are 
usually made by rending them out of fir or oak ; they 
are made of yarious lengths, from 2 feet to 4 feet, 
and are distinguished by three different thicknesses, 
termed single, lath and half, and double ; Ihe latter 
signifying double the thickness of the single, and lath 
and a half the medium thickness. In the United 
States of America, where manual labour is at present 
more scarce than in this country, machinery has been 
employed for rending as well as for sawing out laths : there is nothing original 
in the latter operation, but there is apparently something worthy of notice by 
our countrymen in the annexed reports of American patents, which we extract 
from the Franilin Journal of Philadelphia. 

In Rice’s machine, “ a slock is fixed in a frame, in which it slides freely 
backward and forward ; it is moved by a cog-wheel, which works in cogs on 
one side of the stock in the manner of a rack and pinion. A knife is fixed 
upon the stock, and the timber to be cut into laths, &e. is fixed in a frame, and 
is made to hear against the stock, and the lath is cut by the traversing motion 
of the stock. The knife, it is said, may have a double edge, so as to cut a lath 
both by the forward and backward motion.” 

Lynch’s machine “ consists of a long plank, which operates as a plane stock ; 
this plank is made to slide upon its edge between upright standards upon a firm 
platform ; a wide iron, like a plane-iron, is fixed so as to cut on one face of this 
plank much in the manner of the cutters of some shingle machines ; the throat 
of the plane, if we may so call it, has other cutters standing at right angles 
with the first cutter, and at such distances apart as to reduce the laths to a 
proper width. The cutter plank is made to traverse by means of a pitman at 
one end, operated upon by any suitable power.” 

LATHE. A machine chiefly used for giving a truly circular form to wood, 
metals, and other substances. See Turning. 

LEAD. A metal of a bluish-white colour, and when recently cut, of con- 
siderable lustre. It is very soft and flexible ; not very tenacious, and conse- 
quently incapable of being drawn into very fine wire ; yet its maUeahility 
permits it to he extended, either under the hammer or the rollers, into very • 
thin sheets, its specific gravity is 11.35; it soils paper and the fingers by 
friction, imparting a slight taste and a peculiar smell : it is a good conductor of 
heat ; melts at 612o Fahr., and whei^ cooled slowly, crystallizes into quadrangular 
pyramids. Lead is brittle at the time of congelation, and may then he broken to 
pieces with a hammer. Although the brightness of fresh cut or scraped lead soon 
goes ofij it does not alter much by exposure to the air ; owing, it is supposed, 
to a thin film of aside being formed upon its surface, which defends the metal 
from further corrosion ; this property renders it peculiarly suitable for the 
gutters and coverings of buildings. Lead ore is found in most parts of the 
world, ^n Britain, the principal lead mines are situated in Cornwall, Devon- 
shire; m l^orthumherland, Westmoreland, Cumberland, Derbyshire, Durham, 
Lancashire, and Shropshire ; in Flintshire, and various parts of Wales ; also in 
several districts pf Scotland. 'The smelting is performed either in a blast /urj 
nace^ called an “ ore hearth,” or in a f'everheratory furnace. In the former 
n:\gthod the ore and fuel are mixed together and exposed to th^action,of the 
blast, which quickly fu^s the metal and causes it to fall into thedower part of 
th^ hearth, where it is protected from the oxygen of the blast by tlje corise 
that ,^data upon its ^urface. When the Auid lead is tapped, a su^ciewt 
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quantity oi' it is IlIi ii. the furnace to float tlie liquid scoiiti? ; btit \t hen tlie 
of the lead is to be drawn ott) the blast is stopped, and some lime is fhrow^i into' 
the fifrnacg to concrete the scoriae whilst the lead is run out. In smeltin<j Ity 
the re\%rberatory, which is undoubtedly the best, the fire is made at one e*id, 
and the flame passes over the hearth and enters into an oblique chimney, q!iich 
terminates in a perpendicular one, called a stock, of considerable height. The 
length of the hearth, from the place where the fire enters to the cliimney, is 
about 1 1 feet, 2 feet of whjch constitute the throat of the furnace; the remainder 
••forms a concave surface, 4| feet wide at the throat of the furnace, and ratlicr 
more than 7 fq^t at the distance of 2 feet from the throat, about 7 feet in the 
middle of the hearth, and 6 feet at 2 feet distance from the clfimney, and nearly 

* o et where the flame enters tire chimney, which it does through two apertures, 

• each 10 inches square. The throat of the furnace is 2 feet long, 4 feet wide, 
and (1 inches deep. The length of the fire-place is 1 feet, equal to the width of 
the throat ; its width is 2 feet, and depth 3 feet from the grat^ to the throat of 
the furnace; the section of the oblique chimney is 16 inches square, and of the 
perpendiciJar 20 inches, supposing a straight horizontal line drawn from the 
lower plane of the throat of the chimney to the opposite side of the furnace ; 
the lower part of the concave hearth, which is in the middle of this cavity, is 
19 inches below this line, the roof of the furnace being 17 inclics above the 
same line ; the rest of the hearth is conformably concave. The furnace on one 
side has three openings, about 10 inches square, at equal distances from each 
other, and provided with iron doors, which can be removed as occasion may 
require. Besides these apertures, which are for the purpose of raking and 
stirring the ore, &c., and consequently upon a level with the horizontal line 
before alluded to, there are two others of smaller dimensions, oi:e of tb.cm for 
the discharge of the fluid metal, and the other for the scorite. The ore is intio- 
duced at the roof of the furnace through a hollow shaped vessel. 

The ores of lead, like those of most other metals, are combined with various 
kinds of earthy matter, which require them to be pulverized before they undergo 
the smelting process. The pounding is sometimes performed by hammcis, but 
usually by a stamping mill, or by rollers. When thus reduced, the heavy 
metallic matter is separated from the lighter earthy matter by washing. The 
common mode of effecting this is to put the powdered metal into a riddle or 
sieve, immersed in a large tub of water, wherein it is agitated by a movement 
that washes away the small particles through the sieve, and ejects the ligbte- 
portion of the matter over the sides of the sieve; while the metallic poition, Irora 
its specific gravity, is less disturbed, and is collected at the bottom of the sieve. 

Some improved apparatus for this purpose was patented by Air. H,irslel)en, ir» 
1827, the description of which will be found under the article AIjxing. In 
• • some establishments in this country, and very' generally abioad, the ores are 

washed upon inclined tables, which are shook by macliinery^ wliilst water !■■♦ 
made to flow over them to separate the metallic from the less ponderous matter; 
which apparatus is also described imdei^ the article Minino, as it is equally 
applicable to other ores as to the ore of lead. 

An improvement in the furnaces for smelting lead ores was patented by Air. 
Joseph AVass, of Asliover, Derbyshire, the main object of wbich was to obviate 
the injurious effects upon animal and vegetable life wit<i»n the range ot the 
metallic vapours emanating from funiaces of the usual constru^ioii. But in 
addition to this important desideratum, there results from tlie*adopuon »f tliis 
• improved arrangement a considerable profit, which arises fioqj t^ product 
obtained by the condensation of those volatile and deleterious substances tb.at 
are usually allowed to mix with the atmosphere. In the specification wliicl\,is 

• bSfore us, the patentee states, — “^y the employment of this improved ajro.r- ' ^ 

, ratus, smelting and calcining furnaces are divested of their perniciou:»( ti'ecrs, 

and •ucli \v#rks may in fntm-e be erected in any cyTuenieiit situatum, oitluT 
near to dwelling-houses, or by the side of public roads, »cr on tiie banks of* , ’ 
narl'gafele rivers or canals ; and thus, in many cases, produce a very .igrcal 
^co^raiy in the expense of carffage. The saving eftioted by this .sppif.itus in 
pi^seriing a quantitv of valuable matter, whirii would otboinise. as hei etiuyia, 

* »nr 11 c » » 
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escape, to the injury of the neighbourhood, would of itself amount in one year, 
wlier%four furnaces are employed (as described in the plan) to a sum equal to 
tht entire cost of the improved apparatus ; that is, the upper part oj the tower, 
wit^ its roof, cap, vane, shutter, and appendages” which we shall next ()roceed 
to describe. 
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Scale of forty feet. 
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Fig-}, in*tbe preceding engraving, replfesents a vertical section of a lo^^ ‘ 
r and capacious tower, placed in the centre of four smelting furnaces, and 
r receiv ing, by distinct fhiet, the smoke and vapour from each of^hem. *The 
drarving being a cetfiral section, hut two of the furnaces are brought into v^ew, 
whicii ar^marked a o, their flues h b opening i^to separate chimneys e *in th^ 
torjer, w'hich they ascencFfor twenty or more feet; then, by lateral passages at 
d d d, they respectively enter the central shaft ee; here the vapours cojhe 
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in contact witli a powerful ascending current of cold air, and are likewise 
checked in their upward progress by striking against a dome or cap of iron f, 
which Aispended over the throat of the central shaft e. The ascendpig 
vapours thus intercepted and acted upon are, for the most part, immedi.-yely 
condensed, and the metallic particles are precipitated upon a floor g, called the 
lodge floor. A plan of this floor, and the cap /, are ejven in a separate 
figure (2), which is a transverse horizontal section of the tower just above 
, the cap ; another advantage resulting from this arrangement consists in the 
’ effect produced in the fmmaces below, where it is found that the carbonaceous 
Inatter is more* completely consumed than by the former disposition of things ; 

, suijh portion of the heavy particles that do not fall upon the lodge floor are 
precipitated to the bottom of Are central shaft. The cap f is suspended by a 
vertical rod h, which is connected to a transverse beam by means of a sort of 
stirrup-iron i, through which the upper extremity of the rod is screwed, and by 
the turning of a nut upon this screw the height of the cap above the throat of 
the central shaft is regulated. The cap is steadied in its movements and pre- 
served in its position by several upright bars passing through it, two of which 
are brought into view ; these are perforated with holes, through which keys or 
bolts are put to lock the cap securely in its place. The lower part of the cap 
or dome is circumscribed by a broad hoop ; by the action of regulating screws, 
this hoop is shifted up or down over the periphery of the cap, and the passage 
for the vapours is thus more readily adjusted at pleasure. The more volatile 
portion of the vapours pass from under the dome, and ascend to the top of the 
tower, which, being covered with a roof nearly flat, the heaviest particles are 
driven back, and fall condensed also upon the lodge floor, while the lightest 
and least pernicious escape into the atmosphere at the lateral openings k k. 
There are a regular series of vent holes all round this part of the tower, one half 
of which (those that happen to be windward) are always closed by a shutter m. 
The lower extremity of the shaft, upon which the vane I is fixed, turns in a 
bearing upon the cross beam ; and the arms of the circular shutter being also 
attached to this shaft, when the wind turns this vane the shutter is, conse- 
quently, in like manner turned against it. 

Fig. 3 is a transverse section of the tower immediately under the roof, by 
which the circular frame of the shutter is shown, as closing one half of the 
apertures, or those to windward of it. When the deposition from the condensed 
vapour has become considerable, it is removed from the lodge floor at a time 
when the smelting furnaces are not at work ; this is done by a man ascending 
a narrow circular staircase, constructed in the masonry of the tower, up to the 
lodge floor, where he throws down the accumulated deposition with a shovel to ’ 
the bottom of the shaft; from thence it is harrowed out, and carried to a 
roasting furnace. When any one of the furnaces is not at work, communication 
with the tower is to he cut off by means of a damper, as tho^ shown at o o. * 
In the drawings attached to the specification, a general plan of a smelting work 
is delineated. The area is inclosed by a* quadrangular wall, with a smelting 
fiirnace on each side, the chimneys of which are conducted into the central 
tower. The corners of the quadrangle are occupied by the other buildings 
required in such establishments. .The spaces between the angles of the several 
flues, the patentee states, may be conveniently occupied b^ small furnaces for , 
tests and experimental purposes. Another improvement of s^he patentee 
deserves mentioning : he directs that the tapping sides of the* cont’guouS fur- 
naces be made “opposite” to each other; by which is meant tiiatvthey may 
both face the area which lies between them, in order that the fluid metal Ironi 
the pans of each surface may be run into pigs, or conveyed into one received, ^ 
* and thence into moulds, so as to be formed into thick sheets, read}* for milling 
or rolling, by which arrangement of the furnaces it is considered an important , 
saving of laoour and expense will be effected, and the Waste by remeltinj,*thc ^ 
lea(^avoided. In tlio process of smelting, the ore is spread upon the concave 
inearth,* so that the flame may a|t upon it, and release the sulphur. Whed the 
sulpRur has escaped, the lead combines with theoxyg%n, and the oxiJe'of ^id 
thfts formed combines with and redules the %arthv matter to a liquid, which 
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floats upon the surface of the metal, and, for the remainder of the operation, 
protects it from the action of the oxygen. The temperature of the furnace is 
nqjv considerably raised, to separate as quickly as possible the lead fr^m the 
liqUjd scoria; after which a considerable portion of the scoria is tapped off, 
leaving only so much behind as is necessary to protect the metal from the 
ac^on of the oxygen. The fire is now slackened, and a quantity of slack or 
refuse pit-coal thrown into the furnace, which serves to diminish the heat, and 
to concrete the melted scoria, which effect is promoted by the addition of , 
powdered lime ; the scoria thus consolidated is broken into pieces with a rake, * 
and thrust to the opposite side of the furnace, where it is takfn through th6 
apertures already 'mentioned. The lead is now tapped in a manner similajj to , 
tliat described in the manufacture of iron, and Sllowed to run into a capacious 
iron pan, whence it is ladled into moulds to cast it into pigs. When the ores 
abound with blend, or black-jack, or with the sulphate of iron, fluate of lime is 
added as a flux.» The scoria last mentioned contains a portion of lead, besides 
that which is in the state of oxide ; it is therefore exposed to the heat of another 
furnace, being a species of blast furnace, and called a slag-hearth, which 
fuses the scoria and causes the metal to penetrate through it and fall into a 
cavity, where it is protected from the agency of the blast, and from whence it 
is taken and cast into pigs. All lead ores contain some portion of silver, which 
is extracted when it is in sufficient quantity to afford a recompense for the 
operation ; the method adopted in France is very simple and efficacious, and 
is thus described in Rees’s Cyclopedia : — “ A shallow vessel, or cupel, is filled 
with prepared fern-ashes, well rammed down, and a concavity cut out for the 
reception of the lead, with an opening on one side for the mouth of the bellows, 
through which the air is forcibly driven during the process. The French 
smelters cover the surface of the ashes with hay, and arrange symmetrically 
the pieces of lead upon it; when the fire is lighted, and the lead is in a st.tte 
of fusion from the reverberation of the flame, the blast from the bellows is made 
to play forcibly on the surface, and, in a short time, a crust of yellow oxide of 
lead or litliarge is formed, and driven to the side of the cupel opposite to the 
month of the bellows, where a shallow side or aperture is made for it to pass 
over ; another crust of litharge is formed, and driven off. The operation con- 
tinues about forty hours, when the complete separation of the lead is indicated 
by a brilliant lustre on the convex surface of the melted mass in the cupel, 
which is occasioned by the removal of the last crust of litharge that covered 
the silver. The French introduce water through a tube into the cupel to cool 
the silver rapidly and prevent its spirting out, which it does when the 

* refrigeration is gradual, owing, probably, to its tendency to crystallize. In 
England the silver is left to cool in the cupel, and some inconvenience 

is caused by the spirting, which might be avoided by the former mode. * 
^The silver thus Extracted is not sufficiently pure ; it is again refined in a rever- 
beratory furnace, being placed in a cupel, lined with bone ashes, and exposed 
to greater heat ; the lead, which hasvescaped oxydation by the first process, is 
converted into litharge and absorbed by the ashes of the cupel. The last por- 
tions of litharge in the first process are again refined for silver, of which it 
contains a part which was driven off with it. The litharge is converted into 
^ lead again, by healSiTg it with charcoal ; part is sometimes sold for pigment, or 
converted injo red-lead. The loss of lead by this process differs considerably, 
accortiing,to thh quality of the lead. The litharge commonly obtained from 
three ton* of»lead amounts to fifty-eight hundred weight ; but when it is again 
reduced to a metallic state, it seldom contains more than fifty-two hundred 
weight of lead, the loss on three tons being eight hundred weight. The Dutch 

* are said to«extract*the silver from the same quantity of lead with only the loss* 

^ of six hundred weight.” — See Separ.vtiox. < 

/Stkjcf Lead. — There »aie two distinct kinds of sheet lead, east, Aid milTed or 

* rolled. The first-mtntioned is the original kind, and as it is preferred we ^hall 
first • describe it as usually practised by the plumbers. A large chst-irog 
(Muldrdfi is built over a ikirnacc, enclosed in s^id masonrv, at one end cA the 
casting-.shop, and near to the nfmld or^’asting-tahlc. Tlii.s table is gcner.flly 
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of the form of a pavallelogram, about six feet wide, and twenty feet long, sub- , 
stantially made of wood, and bound together at the coiners and otbe^ parts' 
with ir^n. ♦ Tlie face of the table is surrounded by a raised border about three 
inches thick, and five inches in depth ; the legs and framing are of coSrse 
strong and firmly jointed, to prevent any yielding or trembling during th«i* ast- 
ing. The top of the table is of boards, laid very even, and this is covered by a 
stratum of fine sand laid very smooth and even ; at th? end of the table, 

^ nearest to the cauldron in which the lead is melted, is adapted a box, equal in 
• length to the width of the table ; at the bottom of the box is a long horizontal 
•slit, through \Miicb the metal flows out uniformly over the breadth of the table ; 

, this box is mounted upon rollers, which run on the rim of the table as a rail- 
way, and is set in motion bj’ a rope and pulley. When the metal in the 

* cauldron is sufficiently heated to retain its fluidity throughout the spreading of 
the sheet, the requisite quantity of it is ladled into the casting-box, and the 
dross taken off its surface by means of a perforated scummeij. As soon as the 
box has dispersed its contents upon the table, a man levels the surface with a 
striker, which takes off the impurities also, before it cools ; as soon as it bas 
set, the edges are taken off in a straight line, and when sufficiently cool it is 
rolled up and removed away' to make room and prepare for the succeeding 
castings, which are conducted in a similar way. 

A method different from the foregoing is practised in some places. Instead 
of a casting-bo.x travelling over an horizontal surface, the table is a little 
inclined, and an iron vessel at the upper end of the table next to the cauldron 
is tilted so as to pour out the fluid which flows to the other end, during which 
operation a workman levels the surface with a striker or straight edge, which 
reduces the mass to a uniform thickness. Cast sheet-lead, made by these pro- 
cesses, does not possess that very uniform thickness, nor that smoothness of 
surface which distinguishes milled-lead, or such as has been laminated between 
large powerful tollers, actuated by a steam engine or other suitable prime 
mover. The method by which this is done on the large scale is as follows : — 

A cauldron, capable of melting ten or more tons of metal at a time, is substan- 
tially' erected over a common furnace ; when the lead is at that temperature 
above the melting point, which will prevent its congelation before it has flowed 
to the remotest part of the mould, the vessel is tapped by the pulling out of a 
plug ; this plug is attached to a bent extremity of a lever of the first class, the 
other arm of which is loaded with a weight, that acts as a compressing force to 
keep the plug in the tapping hole ; a rope attached to the end of the loaded 
arm of the lever, and passing over a pulley, being pulled by a workman, the 
plug is thereby easily withdrawn ; and upon the workman letting go the rop-x 
the weight upon the lever forces the plug into the hole again. (Owing to the 
pressure of the superincumbent portion of the metal in tlie cauldron above the 
tapping-hole, the lead is spirted with considerable force aroi’.»d the plug at tf k 
moment of its entering or leaving the tapping-hole, which renders it dangerous 
to persons standing within the distancfvof a few yards ; and as this dangerous 
effect might easily be prevented, we xvonder that it is not done ; such as apply- 
ing a lateral screen to the tapping-hole, or the plug, and making the plug, as a 
tap-hole, cylindrical, instead of conical.) The metal is discharged into a very- 
large square cast-iron pan, laid perfectly level, and cap:d)le ot holding a plate 
of lead about an inch and a half thick, and weighing about |^ve tons ; when 
cold, the cast-iron pan or mould is hooked at the cornere to chain!*, in the 
manner of a scale-board, and by the assistance of a large jib ejtetyling over it, 
and a powerful crane, is raised from its seat and swung round upon a table upon 
a level with the laminating rolls. On this table, the plate is now divided^into 
• ^ve, six, or more naiTow- plates, tjie numbers and dimen.«ons of , these depenc> 

• ing upon the size and weight of the sheets to be made from them. Tlse division 
of'the pUte is effected by very rude means ; onp pian, bolding an a.£b-roii7 
anplies a cold chisel at the end of it to the chalk divi.don line scribed on tl.« ^ » \ 

, )>Tatt^, w bilst another workman, with a sort of sledge-hammer, made of a groat hitiip < 
o.*lcad.at the end of a long luAdkqsn ings it round v'-gcrously , and gi’ 'lotlic clu.',cl 
%nci'. heavy- tbiunps ;is to send it tlA'oncli t.fc* thick pdatt' of lead at each 'f)lo\s-. 
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The laminating rollers are cast-iron cylinders, usually about eighteen inches 
'in dimneter, and about six feet long, turned and ground to a very true and 
smooth smrface; the lower roller turns in fixed bearings, but tile i^per in 
adjustable bearings, which are acted upon by screws for regulating the distances 
between the rollers. The power is communicated to the lower roller through 
the medium of a reversing motion, which causes the rollers to change the direc- 
tions of their respective rotations, according as the sheet of lead may be on 
one side or the other of them ; on either of which it is supported upon a species ^ 
of table, from twenty to thirty feet long, the surfaces of which are composed of' 
a series of wooden bearing rollers. The plate of lead being intriJtluced between 
the cylinders, is griped by them, and forced through by their revolution : the , 
plate is thus extended by a reduction of its thiclftiess, and is received upon the 
bearing rollers on the surface of the table ; the workmen on each side of the 
machine now give the regulating screws a turn, by which the laminating 
rollers are brougljt nearer together ; then the motion of these rollers is reversed, 
and the sheet of lead traverses back through them to the opposite side, where 
it is received on the bearing rollers of that table, considerably extended; the 
rollers are again adjusted nearer together, and the motion of them is again 
reversed for the next rolling through ; the operation being thus repeated until 
the plate is brought to the required thickness. When this is done, the rough 
edges are cut off to a straight line, and the sheet rolled up oft' the table on to a 
truck adapted to the work, and wheeled away. Whilst this is being cempleted, 
another plate of lead is passing through the laminating rollers ; and whilst all 
the plates of lead divided from the great cast-plate before-mentioned are being 
laminated in the manner of the first described, the casting department of the 
establishment is engaged in preparing to cast, or in casting another great plate, 
which is subsequently divided and placed in readiness for the continuation of 
the laminating operation. 

The very thin sheet-lead, with which the tea-chests from China are lined, is 
made, according to common report, in the following manner : — A man sits upon 
a floor with a large flat stone before him, and another movable one at his side 
on a stand ; his fellow-workman stands beside him with a vessel full of melted 
lead, and having poured out a certain quantity on the large flat stone upon the 
floor, the other immediately lifts the movable stone, and dashing it on the 
fluid lead, presses it out into a flat and very thin plate ; the stone and lead 
are then quickly removed, and the operation renewed, which is repeated in 
quick succession. The rough edges are afterwards cut off, and the sheets 
soldered together for use. 

• The Tinning of Sheet-Lead may be effected in two ways. First, place the 
sheet of lead upon a hot stove, until it acquires sufficient heat to keep melted 

tin poured upon it in a fluid state ; then throw a little powdered resin over the ‘ 

^heet, and when it has melted, with a greasy rag rub the tin and resin over the 
sheet of lead until it is completely covered with the tin ; after which, wipe otf the 
superfluous matter. Secondhj, the tin in the cold state, and in small quantities 
at a time, may be laid on the plate of lead, carefully heated sufficiently to fuse 
the tin, (but not more so,) and by the help of resin and similar manipulation to 
the first-mentioned plan, the lead may be perfectly coated. 

Lead Pipe. — The i»axt article of importance in the lead manufacture is pipe 
*or tubing. 'T^ re have been various modes of producing it : the original 
mode, from ^ome specimens of very old pipe that we have seen, appears to have 
been the w%ap|png of a strip of sheet lead, with parallel sides, round a cylinder, 
so as to make their edges meet, and then unite them with solder. The speci- 
mens alluded to present phenomena worthy of notice in this place : the lead 
•.vas full of hjl es, and was corroded more less in every- part, except at the • 
seam, wfiich the solder had entirely protected ; and the solder itself was as 
^oundrf.nd perfect as whqp jt first left the plumber’s hands. • * 

• Another mode of miaking lead-pipe, which probably succeeded the foregoii^, 
and i» stilly practised by- some plumbers, is the following: — An iron inonld is , 
providedj*which is dividedfuto halves, and form^ when put together, a holltw 
cvliiflier of the external diameter df the emended pipe ; in this cvlinder is pu* 


an iron rod or cord, extending from the top to the bottom, and leaving all 
round a space between it and the cylinder of the intended thickness of tlu^pipe. 
1 he ISad is* poured in at a spout, formed by two corresponding notches cut in 
each half of the mould, and a simitar hole is made at another place for l\ie 
escape of air. The mould is fastened down upon a bench, upon which, at one 
end, and in a line with its centre, is a rack moved with toothed wheels jnd 
pinions. W hen the pipe is cast, a hook at the end of the rack is put into an 
eye at the end of the iron core, which, by the action of cog-wheels and pinions, 
*>is drawn so far out that about two inches of it only remain in the end of the 
pipe ; the two halves of the mould, which fasten together by wedges or screws, 
^ are now separated from the pipes, and are fastened upon’ the Iron core, and the 
twff inches of lead-pipe attached to it. Melted lead is now again poured into 
the mould, when the fluid lead unites with the end of the first piece of pipe ; 
and this process being continued, pipe of any required length may be made. 

A third method, which was patented in 1790 by the great ijon master, John 
Wilkinson, consists in casting a very thick pipe in a mould, having a cylindrical 
core of the same diameter as the intended pipe, and then inserting a polished 
iron mandril up the bore of the pipe, in which it is to be successively passed 
through a series of round grooves, precisely in the same manner as has been 
described under our article Iron, for making round bars. Every time that the 
pipe is passed through, the lead is compressed upon the mandril, consequently 
reduced in its thickness, but extended in length, while the internal bore remains 
unaltered, except the improvement it derives from condensation of the metal 
against the polished mandril. 

A fourth method is mentioned in Mr.AVilkinson’s specification, which, since the 
expiration of the patent, has been, and is still practised with unimportant varia- 
tions by all the considerable manufacturersof lead pipe : it consists as follows : — 
Very thick short pieces of pipe are cast, similar to those described in the jne- 
ceding method ; the external diameter may be two or three times that of the 
intended pipes, but the internal the same. The cenfral hole for the mandril o 
triblet does not extend the entire length of the pipe, but terminates with a 
much smaller hole at the extremity ; a stop to the triblet is thus formed, which 
is employed in the succeeding operation, which is that of drawing the lead pipe 
through a hole precisely in the same manner as wire is drawn. The triblet or 
polished mandril is of somew’hat greater length than the pipe intended to be 
manufactured by it, which is commonly from nine to twelve feet. Through the 
small hole of the cast-lead pipe is then passed a screw, which is screwed into 
the end of the triblet, that abuts against the shoulder ; and it is by this con- 
nexion with the triblet that the lead pipe is drawn successively through a series 
of separate steel plates, each having a different sized hole, and which are suc- 
• cessively deposited in solid recesses made in very firm bearings, and are ex- 
changed for smaller after the pipe has passed through the larger one. The 
table or draw bench on which the operation is conducted is usually about 30 
feet in length ; it is provided with a strong endless hitch-chain passing arotmd 
chain wheels at the ends of the bench, to one of which the power is communi- 
cated. The screw fastened to the end of the triblet passes through the draw- 
hole, and is then secured by a hook and eye, or other fastening, to the endless 
chain ; the machinery being then thrown into gear by thtf »rdinary means, the 
chain drags the lead through the steel hole, by which its dimensiouj^ are reduced, 
and its length increased. The motion of the chain is now reversed^ either by 
machinery connected with the power, or the chain is thrown out ot»gear with 
the power, when the chain can usually be drawn back by hand, and the draw 
plate changed ; when, by throwing into gear again, the work is renewed, 
• affd so continued until reduced to |he required dimension* ; a spjall piece of 
. each end of the pipe being cut off it is finished. * 

A 'very i.?genious mode of casting lead pipe of any length by a contiraious 
process, was invented by Mr. John Hague, and patented by him in 1822, which 
we ouglit not to omit noticing in this place. A rectangular cast-iron \^ssel, 
combining the lead, was placetf over a suitable furnate, to melt and preserve it 
in* a fluid state ; through this vessel,* in a hSrizontal direction, was passeir a 

* ’ » • 



very stout cast-iron cylinder, each end of which came to the outside of the 
'vessel at a short distance from which they were each connected to a small 
reservoir of water to keep them cool. A hole about half an inch in diiftneter 
was made in the upper side of the cylinder through which the latfer was 
charged with the fluid metal, and the hole was then stopped by a plug screwed 
down from above. The internal diameter of this cylinder was about si.x inches, 
and throughout its* length of two feet its surface was cut into a screw thread ; 
and into this a solid screw plunger worked from one extremity, which by its 
revolution gradually forced the metallic fluid through a mould and core fixed •* 
at the end, where the pipe was constantly drawn off as it srfidified (by tht» 
cooling influence 6f one of the before-mentioned reservoirs of water) on to a ^ 
drum, loaded with a weight upon its axis, which«caused the drum to turn roftid 
with just sufficient force to wind the pipe upon it as it was formed. 

A different method of casting lead pipe continuously, has lately been patented 
in the United S^tes of America by a Mr. Titus, which is thus described in 
the Franklin Journal, with reference to the subjoined cut, which represents a 
vertical section of the essential parts of 
the apparatus. A A is a hollow cylin- 
der of metal, bored out, so that its 
inner diameter shall be equal to that 
of the pipes intended to be cast. Its 
length, for a pipe of inch may be 
about 8 inches. It has a flanch a « at 
its lower end. This tube gives the 
form to the outside of the tube to be 
cast. B is a plug or core, adapted to 
the inside of the pipe, and made of 
iron or other suitable metal ; it must 
be perfectly smooth and slightly taper- 
ing, being smallest at top. It has a 
flanch b b adapted to the flanch a a ; 
this flanch is perforated with a number 
of holes, to allow the fluid metal to pass 
up into the mould. C C is a basin to 
contain water standing up to the dotted 
line //. D D is a tube by which the 
melted metal is to be conveyed from 
the melting-pot F into the mould. A 

• stop-cock regulates the flow of the 
metal. The tube D D is furnished 
with a flanch e, by which it is con- 

♦»nected with thecnould. The melting- 
pot may be placed so high up, that the 
pressure of the melted metal will be sjiflicicnt to force the pipe from the mould, 
with a regular motion, as it is cooled by the water ; this force being regulated 
by the quantity admitted by the stop-cock. The pipe D D must descend 
through a flue kept sufficiently heated to keep the lead in a fluid state, and 
heat must also be applied at its junction with the mould. Instead of elevating 
the meltiiig-^t, an airangement may be made for making a mechanical pres- 
sure epon^the sia-face of the lead, and thus to produce the same effect. The 
pipe, as it*is jpreed off, may be received upon a reel or drum placed above the 
mould. Under proper modifications, which experience alone must suggest, the 
ptinciple described in this and Mr. Hague's process may be advantageously 

* applied to t^ie accowiplishment of the object proposed. • • 

In tke application of lead pipes as conduits for beer, wine, vinegar, and other , 
acicUiquors, serious obj# c^ons have been made by many scientific writers, wn the 

* ground that poisoners solutions of the metal are thereby formed. The editor 
of SiC Chemist, observes in Vol. F. p. 227, that “ wherever water ke^ in 
leaden'wessels is allowed to come into cont#ct with air, the lead beegme? 
orf^dated ; and though the wate*has no^irect action on the lead itself, it has 
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on this oxide ; it dissolves a portion of it, and becomes poisonous and Mr. S. 
F. Gray, author of several pharmaceuticd works, says in his Operative Ckemist, 
p. 398, ‘ tjie use of lead for cisterns, or even pipes, ought to be discontinue.” 
Mr. Jdhn Warner informs us, that soon after the introduction of the conva^ient 
hydraulic apparatus employed by publicans, called beer engines, it was found 
that that portion of the beer which filled the leaden conducting pipes from# the 
casks in the cellar, and had remained therein during the night, or for several 
hours during the daj', had obtained a flat, bad taste, and was highly deleterious, 
*. owing to the lead it had dissolved during that time. This alarming discovery 
yearly caused^he abandonment of beer engines. Attempts were made to sub- 
stitute pipes made of other metals or alloys, but without success ; for leaden 
* pipes still continue to be usedi»but with the necessary precaution on the part of 
the publican, or other vendor, to draw off and waste the beer contained in the 
pipes, amounting to several pints or quarts every morning ; and this precaution 
is sometimes resorted to during the day. > 

To obviate the disadvantages attending the use of lead pipes, the skill and 
attention of many ingenious men have been exercised. The first, we believe, 
were Messrs. John and George Alderson, who contrived to put an interior case 
of tin to lead pipe ; but they did not succeed in making a firm junction between 
the two concentric pipes. Alderson’s method was, however, improved upon by 
Thomas Dobbs, of Birmingham, who took out a patent in December 1 820, for 
the process, which is entitled a “ new mode of uniting together or plating tin 
upon lead.” The patent includes the tinning or plating of ingots and sheets of 
lead, besides that of pipes; the process with respect to the latter is thus 
described in the specification “ First, in order to unite tin with lead-pipes, or 
to coat, cover, or plate them with tin, I take the pipe hot from the mould in 
which it has been cast, and lay it horizontally upon a bed of hurds. rags, or 
tow, which has been previously prepared or impregnated with turpentine, or 
other resinous substance, a small quantity of melted tin having been also pre- 
viously put on the said bed of hurds, rags, or tow, prepared or impregnated as 
aforesaid with turpentine, or other resinous material, until the surface of the 
pipe is completely tinned. I then attach to the end of a rod or wire a bunch 
of hurds, rags, or tow, prepared or impregnated as aforesaid with turpentine, 
and introduce it within the pipe, together with a little melted tin, and work the 
bunch up and down, in manner of the piston of a pump, until the inside is 
also tinned. I then place or fix the pipe in a larger pair of moulds, so as to 
leave a vacancy also between the pipe and the mould; and I also introduce 
and fix a small core into the centre of the lead pipe, leaving a vacancy also 
between the pipe and the core. I then take melted tin out of a furnace, and with 
a ladle I pour the tin down the two vacancies before-mentioned, by which means 
. the two bodies are perfectly and soundly united, and the lead pipe is united or 
plated both inside and outside with a thick coating of tin. in this state it is 
then ready for drawing or rolling, wdiichever may be the most convenient. It 
is not necessary that the tin should be quite pure to be united to lead by this 
mode, but it may be alloyed with other metals. The moulds and cores I use 
are the same as those generally employed by lead-pipe makers, excepting that 
I prefer them made of copper or brass, instead of wrought and cast iron.” Tin 
being a much harder and less ductile metal than lead, icSisiderable difficulty 
was found in drawing them together, so as to get them sound Ip every part ; 
frequent cracks and flaws being discovered in the tin, whiJh wopld ifot so 
readily yield as the lead to the forcible extension they underwent, ■f rom this 
circumstance, and the greater rigidity of the tin, they could not be made to 
sustain the bending to which lead pipe is necessarily subjected by the pluinbef ; 
, they were not therefore successfully brought into use. AbSut the lame period 
^ also pipes were drawn of pure tin, and rendered at a price lower than tte tin 
caseApipe cpuld be afforded. • • 

There being, however, no other known metal which ’possesses the same 
degfeeof flexibility and durability as lead, 'it was still deemed a most jmpoTtant 
fesi jeratum to give a perfect itiating of tin or otherainnocuous metal *to lf.ad 
pi]je, without impairing the flexile or ether vaUfeble properties of the latter; and 
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•this we are happy to add has been supplied hy a new process, very recently 
patented by Mr. John Warner, jun. ; the specification of which describes 
thst process to be as follows : — A bath of melted tin is prepared fa ^ vessel 
of * suitable form and size, which may vary according to the size of the 
pipe^’to be tinned, (or the size and shape of any other leaden article to be 
tinEed.) The heafeof the bath is to be so regulated that the metal shall continue 
in a fused state, but not at a higher temperature than is necessary for that purpose, 
lest the lead when immersed should be melted thereby ; the heat may be ascer- ^ 
tained by the use of a thermometer, ora pyrometer ; likewise by testing it by such' 
alloys of tin and ]ead as wiU melt at certain given temperature, between the 
melting point of tin (or such alloy of tin as may be used as a substitute for the ^ 
pure metal,) and that of lead, when placed under'the influence of a hath of milled 
tin. This, the reader will observe, is a very nice point, and can only be prac- 
tised by great skill and attention on the part of the workmen ; for although tin 
melts at about 540“ and lead at 612" of Fahrenheit's thermometer, yet, when 
they come together, an alloy is produced at the immediate points or surfaces in 
contact, whose fusibility is much lower than even that of tin ; so that when, by 
mismanagement, the heat is raised a few degrees too high, a quantity of the 
lead in the form of an alloy runs off the pipe into the bath ; and if, on the 
contrary, the heat be suffered to fall a few degrees too low, the tin is not suffi- 
ciently fluid, and deposits itself upon the lead 'in a thick and uneven coat. 
When the pipes are to he tinned all over, the external surfaces are sprinkled 
with powdered resin, and the same material is blown up the pipes so as to cover 
their internal surfaces with it ; a mixture of oil and resin boiled together is, 
however, preferred to the resin alone. The said mixture is to be spread over the 
surfaces of the lead pipes by any convenient means, and when they have been 
so prepared, they are to be passed through, or immersed in the bath of melted 
tin, which should be covered with fat, oil, or resin, to prevent the oxidation of 
the fluid metal, and to aid in the tinning. But when the pipes are to be tinned 
on one side only, or partially, those parts which are not to be tinned are covered 
with a mixture of lamp-black and size, or with any other matter that will pre- 
vent the action of the tin upon the lead; and those parts that are to be tinned 
are to receive the powdered resin, or the mixture of oil and resin, as before 
mentioned. The pipes thus prepared are then to be passed through, or immersed 
in the bath of liquid tin, by which process they will be tinned only in the parts 
required. When the pieces of pipe to be tinned are of a small size they may 
be easily managed by hand ; but when they are of considerable weight or 
^ length, a rope and pulley is resorted to, to draw them through the bath of 
melted tin : the form of the bath is that of a segment of a cylinder having two 
flat sides ; the chord of the segment being the top or open part of the vessel, 

^ where it forms a parallelogram of about six inches wide and two feet long. * 
This form, it will be perceived, accommodates tbe bended form of the pipes, to 
dip in at one end of the vessel, and curving round the bottom, to come out at 
the other end ; the tin thus flowing ih at one extremity of the pipe, and running 
out at the other. This process, as we have had occasion to notice, gives a per- 
fect coating of tin, and fills up any minute fissures or holes that there may be 
in the pipe, besid^ enabling the manufacturer to give the pipe any required 
« thickness of coating, by drawing it any number of times through the bath. 

But ^ extra&ely minute quantity of tin covers the surface effectually, and by 
not impairing the flexibility of lead, adapts it to every purpose to which both 
lead pip^ aiffi tin pipes are used, and at the most trifling cost above that of 
lead. 

^ ‘ Strength of Leaden Pipes. — Some experiments upon this important subject 

were giad^by MrTJardine, of the Water Company in Edinburgh. The metnod* 

^ of groving was to close one end of a piece of pipe, and then inject water into « 
* it by means of a forciflg^ump attached to the other end, the fore® or pftssure 
beii^ measured by*a gauge belonging to the pump. When the water fro^i the 
iiijectijig'punip begins to press out the pipe, little or no alteration is obSferved m 
it^or some time. As th# operation proceeds, however, the pipe gradually fwelTs 
throughout its whole length, unfil, at lasfj a small protuberance is observed rising ^ 
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in some weak part, which increases until the substance of the pipe, becoming 
thinner and thinner, is at last rent asunder. In the first experiment, the pipe • 
was (rf ong and a half inch bore, and the metal, which was remarkabi^ soft 
and diittile, was one-fifth of an inch in thickness. This sustained a po^er 
equivalent to that of a column of water one thousand feet high, equal to tllirty 
atmospheres, or 420 lbs. per square inch of internal surface, without alteration ; 
but with a pressure equal to twelve thousand feet of water ilsbegan to sw’ell, find 
with fourteen thousand feet, or six hundred pounds on the square inch, it 
• burst. When measured after the experiment it was found to have swelled 
until of a dianjpter of IJ inch. The edges of the fracture were not ragged, 
but smooth like a knife. In a second experiment, the pipe was two inches in 
* diameter, and one-fifth of an ipch in thickness. It sustained a pressure equal 
to that of a column of water eight hundred feet high, with hardly any swelling, 
but with one thousand feet it burst ; the fracture in this was not so fine as in 
the former instance, the metal being much less ductile. 

Red Lead and Litharge . — We have described, at page the method of 
refining lead for obtaining the silver which it usually contains, hy which process 
there results an oxide of lead, called litharge. The use of this substance for 
making oil and oil paints dry sooner is well known ; it remains to be observed 
in this place, that it is the material from which red lead is made. The litharge 
is put into pots, and exposed to the action of flame in a reverberatory fiirnace 
for forty-eight hours, during which time it is frequently stirred ; hence it 
acquires the orange-red colour, termed minium, or red lead. There are other 
modes of obtaining red lead. In Germany and some other places, metallic lead 
is calcined on the hearth of a cupola furnace, and constantly stirred for eight 
hours ; then left in the furnace for sixteen hours more, stirring only at intervals. 
The massicot thus produced is then ground in a mill, washed, dried, and put 
into earthen pots, so as only to make them about a quarter full, in which they 
are exposed to the action of flame, enveloping them in a furnace for forty- 
eight hours, by which time, the colour being fully developed, the pots are taken 
out, and their contents passed through sieves to separate any foreign or gross 
matter. A hundred pounds of metallic lead thus protluces about a hundred 
and ten pounds of red lead ; the increase arising from the absorption of 
oxygen. The specific gravity of red lead is 8.94. 

Sugar of Lead is obtained by dissolving the metal in acetic acid, concen- 
trating the solution, and crystallizing. 

Turner’s Patent Yellotv, now almost entirely disused, may be obtained by 
pouring upon litharge, one-third of its weight of muriatic acid, and, after 
letting it stand for twenty-four hours, melting the whitened litharge, by which ^ 
it becomes yellow. Goulard’s extract is made by boiling litharge in vinegar. 

. Chromate Yellow . — This beautiful colour, which has superseded the use of 
the last -mentioned pigment, is obtained by precipitating a solj^tion of lead in • 
acetic acid, by the addition of a solution of the chromate of potash. 

Lead is rapidly dissolved by the nitric acid. Wooden sticks, impregnated 
with a nitric solution, made by dissolving the cuttings of lead in weak nitric 
acid, have been recommended by Proust, as a substitute for port-firee, in dis- 
charging artillery. Most of the acids attack lead. The sulphuric does not 
unless it be concentrated and boiling. When lead is^yoyed with an equal 
weight of tin, it ceases to be acted upon by vinegar. Oils dissolv^ oxide of lead • 
and become thick and consistent, in which state they are usefl aJ the b^is of 
cements for water works, the vehicle for paints, and various othejpurposes. 
Sulphur dissoh es lead in the dry way', and produces a brilliJnt and brittle 
compound, which is much more fusible than lead itself. Lead unites with 
, most of the metals. Gold and silver are dissolved by it^at a lij^ht red heat. « 
Platina forms a brittle compound wflh lead; mercury amalgamates witl^it, but 
the lead is»again separable from it by mere agitation, in the form of an im- * 
palp.able black powder. Copper and lead do not um^e wiyiout a strong heat ; * 
but»th» union of these metals is extremely slight, for at no greater heat,than * 
^he_melting point of lead it runs from the copper. ^ Iron does not uyjte with 
lejtd in the metallic state. Tin luiitei very n^dily with lead, as already shoivn 
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in the process of tinning lead pipes and sheets. The compound of these metals 
heing ^ery fusible, it is used as a solder either separately or both together. The 
mixture is made in various proportions : the best solder is said to be* two ’parts 
tin^nd one part lead ; and the common solder, two parts lead and one part 
tin. « Bismuth combines readily with lead, and affords a metal of a fine close 
gra^, but very brittle. A mixture of eight parts bismuth, five lead, and three 
tin, melt at a heat below that of boiling water. Antimony forms a brittle 
compound with lead ; see the article Allov. Nickel, cobalt, manganese, and 
zinc, do not unite with lead by fiision. 

LEATHER. The skins of animals, combined in a variet}* of ways witl? 
astringent and other matters, to adapt them to numerous purposes of utility. ^ 
The art of preparing leather is very ancient, and is practised in almost ev^ry 
country of the world by nearly similar processes. The objects obtained by this art, 
are, the prevention of their destruction by putrefaction ; the rendering them 
strong, tough, dupable, and impervious to moisture ; and in giving them a bright 
and beautiful appearance by dying and polishing; according as these qualities 
may be required. The preliminary operation in making all kinds of leather, 
is the separation of the fleshy and other foreign matters adhering to the skin, 
the animal juices retained in its pores, and also the cuticle with its hairy cover- 
ing, excepting in those instances wherein the wool is required to be left on, as 
in the case of sheep-skin rugs. The skins, after being duly purified, and their 
texture opened so as to adapt them to imbibe other matters in solution, are made 
into leather by two different processes, one called tanning, and the other taming ; 
and both these processes are sometimes combined in sheep, goat, and deer skins, 
by tawing first and tanning afterwards, in a slight manner ; and a large pro- 
portion of the tanned hides of the horse, ox, and other large animals, undergo 
an operation called currying, to render it flexible, and resist water. There are 
many trifling variations in the processes adopted by different tanners and 
leather-dressers with respect to the same kind of skins, and each kind is treated 
differently in some respect, either in consequence of its natural peculiarities, or 
the application to which it is designed when finished. Our descriptions will, 
therefore, apply to the general mode of proceeding in the principal sorts of 
leather. 

The thin skins of cows, calves, and others of a similar texture, are soaked 
for two or three days in a pit of water to free them from dirt, blood, and other 
matters that may slightly adhere to them. They are then taken ont, and laid 
upon a horse or beam, (which is usually a semi-cylindrical piece of timber, or 
the rib of a whale,) whereon they are scraped and pared, to free them from 

»any adhering flesh, fat, &c. The hides are next immersed in a pit containing 
niilk of lime, wherein they are frequently stirred, and are allowed to remain 
until the cuticle of the skin is so far destroyed as to be easily rubbed or pared off ■ 

^along with the luir to which it is connected. When this is found to be the 
case, they are taken out, stretched upon the beam, and with a large two-handled 
blunt-edged knife the workman screes off the hair. In lieu of this liming 
process, in some places, the hides were formerly piled wet one upon another, 
and covered over with spent bark, (or otherwise kept warm in what was called 
a smoke-house,) until the cuticle and the hair would readily come off. The 
absorption of lime m^the before-mentioned process makes the skins hard and 

* thick ; to render tliem supple, and prepare them for receiving the tan liquor, 
they are throtvn *nto a pit called the poke, or mastering-pit, which contains a 
quantity ^ p,ptrescent dung diffused in water : the dung of dogs, pigeons, or 
sea-fowl, is preferi'ed for this purpose, that from cows and horses not being 
sufficiently powerful. During the process they are frequently well stirred, 

• and soraetqnes taken out of the pit, pi]fd up, and put in again. Whfli • 
the skins have become perfectly soft, they are taken out of the putre- 

^ scent pit, and cleanse^i pn the beam, when they are ready fcr tantiing. 

^ • The large thick hidat: of the ox or boar, intended for the toughest sole-leather, 
beiny not so liable to sudden injury as the thinner skins, are frequently t:leJred 
of theitkhair and other ngatter without resorting to the liming process. TSiey 
are allowed to ferment, piled up«n a waim place, and the putrefactive procass 
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is carried farther, that the cuticle and hair may be easily removed. When 
this has been done, they are immersed for several days in sour liquor, Inade 
from fennertted barley, or rye meal ; the acid is generated in the process, a>d 
seems to be the active agent in softening and opening the texture of the s^in, 
assisted by the continuance of the fermentation, of which the skin partifkes. 
This process, which always precedes that of tanning, is called raising, as it lias 
the effect of considerably swelling the skin. Instead of the foregoing acid, 
some tanners use very dilute sulphuric acid, in the proportion of about four 
pounds to a hundred gallons of water. 

• The process df tanning is essentially the same in all skins. It consists merely 
, in immersing the skin for a sufficient length of time in an infusion of oak bark, 
or other vegetable astringent, rfntil it is completely saturated with it. Hence 
the art of preserving the hides of animals by this method is one of the most 
ancient and universal of all manufactm-es, no apparatus whatever being 
required to perform it, except a pit or hole for water, in which the tanning 
vegetable may be put, and the skin thrown in along with it. Almost equal 
simplicity is observed in the most improved methods of tanning, the art mainly 
consisting in judiciously regulating the strength of the tanning infusion, and in 
the manipulation of stirring the liides in such a manner, that all that are in a 
pit may be equally impregnated. 

The substance used in this country is chiefly oak bark, which is ground into 
a coarse powder, and is thrown into pits with water, by which an infusion of 
the tan, and other soluble parts, is made, which is technically called ooze. 
The hides, (previously prepared in one or other of the ways before mentioned,) 
are first put into smalt pits, with a very weak ooze, where they are allowed 
to macerate for some weeks, with frequently stirring, or handling, as it is 
termed. As the process of tanning proceeds, the strength of the different 
oozes is gradually increased, after which, the half-tanned hides, (if of the 
thick kind, intended for sole leather, and which require very complete tanning,) 
are put into larger pits, with alternate layers of ground bark, in substance, 
till the pit is filled, over which a heading of bark is also laid, and the 
interstices filled up with a weak ooze to the brim. The hides are by this 
arrangement supplied with a quantity of fresh tan in proportion as they absorb 
the tan, previously dissolved in the water. By this mode of tanning, the 
thickest leather takes fifteen months before it is tlioroughlv tanned throughout ; 
which is ascertained by cutting a piece off the edge of the hide, when it should 
appear uniformly throughout its thickness of a nutmeg-brown colour, and any 
portion that is not tanned will exhibit a whitish or pale-coloured streak in the 
middle. 

M. Seguin, a French chemist, investigated the process of tanning with great 
' assiduity, and came to the conclusion that by condensing the tanning principle 
so as to accelerate its action, leather might be tanned in a less Somber of days 
than it usually takes of months. To effect this, his process is simple. He pours 
water upon the powdered tan, contained i« an apparatus nearly similar to that 
made use of in saltpetre works. This water, by going through the tan, takes 
from it a portion of its tanning principle, and by successive filtrations dissolves 
every time an additional quantity of it, till at last the bark rather tends to 
deprive it of some than to give up more. Seguin succeed ’d in bringing these 
solutions to such a degree of strength that he could, according to i%s own state- 
ment, completely tan a calf-skin in twenty-four hours, and the sVongc«t ox-hide 
in seven or eight days. These solutions containing a greater qifeniffy of the 
tanning principle, impart (it is said) to the skin as much of it as it can absorb, 
so that it can then easily attain a complete saturation of the principle, and prd- 
• diTbe leather of a quality much suptrior to that of most countries Tamqps for 
• their leather. 

When a patent for Seguin ’s method was taken t)Ut in this country, Mr. 
Nicholson stated, that from information acquired from th? manufacturers^ he 
foniul that they had previously been sufficiently acquainted with the powers of 
?troi^g tanning infusions, and thft it had even been prSposed to employ tliein ^o 
as4o abridge the process, but the leatlfer thus produced was by no mewis equal 
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_ to that produced in the old way. The advantage of the slow and gradual pro- 
cess ^ppeprs to be, that the whole substance of the skin is penetrated and equally 
cl^Mged ; while in the more rapid method the external must be mote acifed on, 
an^the texture probably more unequal. It appears also from Sir H.*Davy’a 
experiments, to combine with a larger quantity of the extractive matter con- 
tained in the astri^ent infusion ; and hence, too, the advantage of the immei> 
sions in the weak liquors, as these contain more of this than the strong inftisions. 

It must be confessed, however, that for any thing theory can discover, the com- 
mon process appears to he unnecessarily protracted, and some advantage might * 
probably be derived from adopting some of the manipulations of Seguin. . 

To accelerate fhe process of tanning, warm infusions of the tanning liquor, 
instead of cold, have been employed, and we ar« informed with some degree of * 
success. With the same object in view, it has likewise been attempted to make 
leather hy forcing the tanning liquor into the pores of the skin by mechanical 
pressure. The frst of these attempts was made by Mr. Francis Gibbon Spils- 
bury, of Walsall, in Staffordshire, who took out a patent for his process in 1824, 
which he thus describes in his specification : — “ My invention consists in the 
introduction of the tan liquor, by means of mechanical force, into the pores or 
substance of the skin or hide, which I effect in the following manner; — The 
skin or hide being cleansed, and otherwise prepared in the usual ways for the 
action of the tan liquor, is to be carefully examined, and any holes that may be 
found are to be sewed, or otherwise secured, by means which are well known, 
so as to prevent the liquor from running through ; after which it is in a proper 
state to be exposed to the action of the tan liquor, in conjunction with mecha- 
nical pressure, which I effect in the following manner. I provide three frames, 
of similar shapes, made of wood, copper, or any other suitable material (I may 
mention that the use of iron for this purpose, unless covered with a coating of 
paint, should be avoided, as its effects would be to blacken the skin or hide), 
and fitmished at the sides with ears or loops, for the reception of screw-bolts, 
the object being, by means of the outer frames, to press two skins or hides, one 
on each side, against the middle frame, and through an aperture in this middle 
frame to introduce the tan liquor under pressure into the space thus formed 
between the two hides, the effect of which will be to produce a continued filtra- 
tion or percolation of the liquor ; and in consequence of which, the tanning 
process rapidly takes' place. The middle frame differs from the others in having 
two pipes let into it at the top, and a cock let into it at the bottom. One of the 
exterior frames being laid flat down, with its inner surface uppermost, a skin or 
hide, previously prepared as aforesaid, is laid or stretched over it ; the middle 
frame is then laid on, taking care that the edges of the skin or hide shall be 
every where griped or nipped between the two frames ; a second skin or hide, 
prepared as aforesaid, is then to be laid on the middle frame ; and lastly, the • 
other exterior fftme is to be laid on, care being taken that the edges of the 
second skin or hide shall he every where griped or nipped between the middle 
frame and the last exterior frame. The frames and skins are then to be secured 
by means of screw bolts, entering into screwed holes, in the ears or loops. The 
frames are then to be raised upright; one of the pipes is to be secured to a pipe 
communicating with a cistern containing tan liquor; the other pipe is to he left 
open for the escap#<Jf air, and the cock at the bottom is to be closed. The cock 
of the pipe (jfmmunicating with the cistern being opened, the liquor contained 
in tMh cistern wMl flow down, and will occupy the space between the two skins 
or hides, ^riiiing out the air. When the liquor has risen into the pipe for the 
escape of the air, showing that the space is filled, its cock is to be closed ; upon 
which the tan liquor between the skins or hides being subjected to hydrostatic 
pressure, ly mean* of the communication^with the cistern (and which may4)e» 
produced, increased and varied by methods well known), will be forced through , 
the pores or substance »f the skins or bides, and will appear in the/orm o£ dew, 
or small drops, on their outward surface. The time required for completing the 
tan^mg will vary according to the density of the skins or hides, the stren^i of 
the taff liquor, the amount of the hydrostatic ptessure, and other circumst^ce# 
When the skins or hides are foiCad to b* tanned, they are to be removed fijim 
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the frames, and their outer edges, as far as they were squeezed or nipped 
between the frames, must be pared off ; the skins or hides are then to be dried, 
and pftpar^d for market in the usual manner. It is not my intentionto ?laim, 
under tnis patent, the exclusive use of the frames, screw bolts, pipes, or afiy 
article of apparatus herein mentioned ; or the use of any particular kind o^an 
liquor, or any mode or process of preparing and of finishing the skins or hides, 
save and except the application of the machines or engines herein describee? or 
set forth, or any imitation of them, for the purpose of causing the tan liquor or 
‘liquors to pass, by filtration, or percolation, through skins or hides. The appa- 
natus herein detcribed for effecting this purpose is such as I have employed 
with success, and consider, upon the whole, to be best ; but particular local 
situations, or other circumstivices, may render it expedient to change the 
shape of the frames, or their vertical positions, for some other ; or to enclose 
between the middle frames and either of the exterior ones, two or more skins 
or hides, instead of the single one, as above mentioned. Fig. 1 is a front view, 
and Fig. 2 is a side view. The same letters of reference indicafe the same parts 
in each figure ; a a is one of the exterior frames ; 6 6 is the other exterior 
frame ; e e are two hides, secured between the exterior frames and the middle 
frame, by means of the screw bolts ; d is the cistern containing the tan liquor ; 
e is the pipe through which the tan liquor descends from the cistern into the 
space or cavity between the two hides, and which will vary in length according 





to the amou»t of hydrostatic pressure intended to be^iVen ; f is the exit pipe, * 
through which the air escapes when the liquor is runnin|^ down through the ’ , “ 
gip ^ e ;• ^ is a cock for the purpose of discharging from between the skins;'' ' 

Shortly after Mr. Spilsbury Enrolled his specificaSon, another persvm took 
on* a patent for a slight deviation in She appi^tus, hut on the same princijple 
• » ) 
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as Mr. SpilsDury's. Neither of these gentlemen, however, according to our 
information, have as yet succeeded in bringing their plans into practical 
operttion, owing, we understand, to the curious circumstance, that the pressure 
h«s a tendency to drive the gelatin out of the skin, and to convert it into a 
ve*y hard and inflexible material, not at all applicable to the ordinary uses of 
leather. 

<dn 1827, Messrs. Knowlys and Dueshury obtained a patent for improvements 
in tanning, having a similar object in view, and, as it appears to us, with an 
arrangement better calculated to succeed. The skins were to be suspended* 
vertically in a large air-tight vat, which, as well as the skins, jrere to be com- 
pletely exhauste4 of air, previous to saturating them with the tan liquor, whicTi 
the skins will, in consequence, more readily imbibe. A large aperture, or igan- • 
hole, is made in the top of the vat, for a workman to descend and hang up the 
skins, which are stretched from side to side upon hooks, at a regular distance 
apart, and kept in vertical and parallel positions by leaden weights, at their 
lower edges. Tfiis being done, a weak infusion of tan is admitted, until it 
covers the hides ; the workman then closes the man-hole by the cover, which 
is rendered air-tight by a proper packing upon its rebated edges ; the air is next 
exhausted by the air-pump as far as may be deemed necessary ; in this state 
the vessel is to remain for a day or two, when the air may be re-admitted by a 
stop-cock, and the liquor pumped out through a pipe at the bottom of the 
vessel. The hides are then to remain to drain, and in contact with the air for 
a few hours, after which a second infusion of tan, stronger than that first used, 
is let in to cover the hides, and the process repeated as often as may be found 
necessary to completely tan the hides, increasing the strength of the liquors at 
every successive operation. 

Our transatlantic brethren are not behind us in attempts to improve the old 
system of tanning. In the Journal of the Franklin Institute, we find the fol- 
lowing specification of an American patent, granted to Osmond Cagswell, in 
1831, which seems to be well deserving of the attention of the British tanner: — 
“The improvement consists in applying a solution of oak or other bark to hides 
or skins, in such manner, as that when the glutinous particles of the hide have 
absorbed and become mixed with the tanning or astringent principle, the other 
part of the solution (viz. the water) may pass off, and leave the hide free to 
receive more of the solution, and so on till it is tanned. The object is to 
expedite the process of tanning, and, consequently, to diminish the amount of 
capital necessary to be employed in the business. The apparatus, and mode of 
application, is as follows : Make a frame of timber, of a square form; the width 
to be made as great as the width of the hides, parts of hides, or skins, that are 
to be tanned; the height and length to suit convenience. Near the bottom, or 
ground of said frame, a light floor is to he formed of the length and breadth 
of the frame ; ^aid floor to incline to one side, so as to carry off the liquor 
after it has passed through the hide ; the sides and ends to be raised from two 
to four inches above the floor, by fastening strips of plank on the inside of the 
frame ; this will appear like a box,-Ssay four feet wide, two inches high on one 
side, and four on the other, and twenty feet long ; (these boxes may be fixed 
one above another, about twelve inches apart, to the top of the frame ;) said 
boxes to he filled with sawdust, or any other soft porous substance that will 
not prevent the solution from running through the hide, and, at the same time, 
absorb and «arr^ it off after it has passed through. On this surface (of sawdust) 
the liides| sides, or skins, (after having been prepared in the usual mode for 
tanning,%x(Stept that the flesh is to be taken off clean,) are to be smoothly 
spread out, and, in order to keep on them a sufficient quantity of the 
Solution, make sacks of coarse cotton or other cloth, an inch or more ^n ^ 
diameter; *1111 them with the same mattrial that the boxes are filled with, 
and place them around under the edges of the hides, which will, raise 
said edges equal to tRe •diameter of the sacks. After this is tone, pour on 
the^hides as much* of the solution as the hollow surface which they \jill*hen 
present will hold, and continue to fill them.up as it runs off through th« 
ppres of the hide for rtie spa^ of from three to fifteen days (the tinfe^in 
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proportion to the thickne.ss of the hide or skin), in which time tliey will be 
tanned, except the extreme parts or eiiges, wliieh cannot be brouglit s# fully 
unda: the 4 >rocess as the otiier parts of the hides; and in order per/eci/// to Jan 
them it is necessary to lay tliem in vats after tlie common mode, for t^reo 
or four weeks.” ■» 

In 1832 Mr. William Drake, of Bedminster, near Bristol, specified a parent 
“ for an improvement in tanning hides and skins,” the novefty of which consists 
in applying the tanning liquor on one side only of the skin, and causing it to coze 
through the skin to the other side, whence tlie aqueous portion of the liquor is 
.abstracted hy ■fvaporaium ; the results of which process are. stated to be, that 
the skins are more thoroughly and uniformly tanned, and lh?t tiie operation is 
cc«ipleted with eold liquor in ten days instead of ten months. Tlie specification 
states that the skins are to undergo the usual primary process of liming ; tliev are 
then to be immersed and well handled \a a vessel containing hackicard (a weak 
solution of tan) until thoroughly saturated, which removes ;he lime and pre- 
pares them for a stronger impregnation. Tims prepared, the skins (excepting 
such as are intended Lr butts and middlings) are to be rounded ; then two of 
them are to he laid face to face, and be carefully sewn together with waxed 
thread at their edges, so as to form a kind of bag impervious at the junction, 
leaving a small opening at the shoulder for the insertion of the neck of a funnel 
shaped vessel; but the patentee observes, it would be better to sew between the 
skins a collar adapted to receive the end of the funnel. As bags so formed 
would bulge out when tilled, they are to be confined between two gridiron- 
like frames of parallel bars, adapted to compress the bag in such a manner ns to 
produce internally a vertical stratum of liquid of about an inch in thickness 
between the two skins ; and as the skins are thickest towards their middles, 
this variation is compensated for by cutting away a portion of the vertical 
wooden bars from g straight into a hollow curved line. The skins are suspended 
by loops to the bags, which traverse the upper horizontal bars of the flames, 
and the two frames are duly drawn together by four screw bolts passing tlirongh 
the extremities of the top and bottom bars. The funnel being inserted into the 
aperture between tlie skins, it is charged with strong tan liquor sufilcient to 
distend the bag, and leave a surplus quantity to supply the loss by evaporation 
after the moisture has penetrated to the outside of the bags ; a small gutter at 
the bottom of and between the frames receives %vhatever liquors may drop from 
the skins, and conducts it into a vessel, by which it is returned whenever neces- 
sary into the funnel reservoir above. To prevent the compression of the ver- 
tical bars from forming permanent indentations and ridges in the skins, the 
patentee directs th.it the bags be occasionally shifted a little laterally. 

To facilitate the evaporation, and consequently the absorption of fresli solu- 
tions of tan, tlie operations are recommended to be conducted in chambers 
artificially warmed, and the liquor which oozes througli the ski.*, and is received 
into tile gutters, is directed to be conducted into vessels acting the part of refri- 
geratories, in order that cold liquor may,^ways be supplied to the skins ; (but 
liow tills liquor is to be preserved cold m a warm chamber, the specification 
does not e.xplain). Wlien the skins are sufficiently tanned, a stitch or two of 
the sewing at the bottom of the bag is opened, and the liquor is received into, 
and carried off by, tlie gutter underneath. » » 

The claim to invention in this patent consists in the mode of aecelerafing tlie 
penetration of the tanning liquor by exposing the outer sides ot* the skins to 
evaporation. The process seems to be well calculated to ecoiiopiizytime, but 
there is one defect in the arrangement for which ive would suggest a remedy. 
The skins being laid vertically, the pressure of the column of liquid will caite 
%much more rapid absorption of the tan in the lower thanin the lipper part of 
the skins ; and if no injury be sustained by the lower, by continuing the pro- 
cess^until tjje upper is tully saturated with tan, there.is, at the least, a loss of 
time. It is also probable that the liquor ia stronger at tlic^ bottom than at the 
to;* of^the bag. From both these causes, therefore, we should not expec» that 
#the leather produced would be^miform in its quality.. To obviate thesodefects, 
we^ecommend the patentee to suspeii^ his frejnes midway upon revolving axes, 
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and to fi.K at each end of his bag a charging vessel with a stop-cock, or 
some ^ther simple contrivance to answer the same purpose : the bags may then 
be^reversed at pleasure, swinging them round upon their axes into a®y desired 
pos^ion, and the lateral shifting between the bars will take place of itself. If 
there were only one charging vessel with a stop-cock to it, it would suffice ; as 
by taming the frame half-way round it would serve for a discharging aperture. 

Sir. Jacquemart,‘of Leicester Square, London, recently introduced, under a 
patent right, a process of tanning, which is stated to be especially applicable to 
the skins of small animals, such as hare.s, rabbits, cats, and sea-rats. Upon 
reading the specification, however, we did not find any thing esse||tially different , 
from that which ii well known, and in use, except that he adds a small quan- 
tity of orpiment to the other ingredients employe^ in tanning ; 5 or 6 ounces ve 
mentioned as a proper quantity for a himdred of the small skins. He com- 
mences the process by removing the hair from the skins; first taking off the 
long hair and af^rwards the short ; and to facilitate this operation, he steeps 
the skins in water slightly acidulated, (using sulphuric acid, in very small quan- 
tities,) or in the milk of lime ; and in either of •these the skins are suffered to 
remain till the matter which fixes the hair to the hide is decomposed. After 
the hair has been removed, the skins are to be again steeped in water contain- 
ing a very small proportion of sulphuric acid, in order to raise or thicken them. 
The tanning is effected by steeping the skins in an infusion of bark, with the 
addition of the orpiment ; the manipulations being the same as is practised in 
ordinary. 

Of the numerous substances employed in tanning, oak bark is the chief in 
this eountrj', not merely on account of its suitable properties, but from its com- 
paratively low price, and the facility with which it may be obtained almost every 
where. In Russia, where the best of leather is made, the bark of th^ black 
willow is preferred, and next to that, the birch bark. Chesnut bark is now 
much esteemed for the pui'pose. A tanner at Bern-castle, on the Moselle, has 
lately employed the myrtle with great advantage ; it is reported that by the use 
of it as a substitute for oak bark, better leather is made by it in much less time ; 
a commission appointed at Treves, for the examination of leather so tanned, 
reported that they never before saw any article equal to it in quality. The 
Recueil Indmtriel has recently stated, that at Narbonne, the marc of grapes, 
after being distilled for the separation of the alcohol, had been found a most 
important substitute for oak bark in tanning. After the skins had been pre- 
pared in the usual way, they were placed in the pits containing the marc instead 
of bark ; the skins were completely tanned in from thirty-five to forty days. 
The expeeted advantages are, shortening the process, reducing the cost, im- 
proved odour, and greater strength. But of all the substances of recent intro- 
duction, the extract from the mimosa, known in commerce by the terms gum 
catechu, and Jagan earth, is the richest in tannin matter. This tree grows in 
vast abundance m New South Wales; where preparations have been made for 
making the extract on a great scale for the tanning process. The leather made 
from it is of a beautiful colour, and a# excellent quality. 

The experiments of Sir Humphrey Davy show, that 1 lb. of catechu is nearlv 
equal to 2J of galls, to 3 of sumach, to 7 J of the bark of the Leicester willow, 8J 
of oak-bark, 11 of the bark of the Spanish chcsnut, 18 of elm bark, and 21 of 
common willow bark, with respect to the tannin contained in them. He observes, 
too, that leather slowly tanned in weak infusions of bark, appears to be better 
in quality being both softer and stronger than when tanned by strong infusions ; 
and he Scribes this to the extractive matter they imbibe. This principle, 
therefore, affects the quality of the material employed in tanning ; and galls, 
rfhich contain a great deal of tannin, make a hard leather very liable to crack, 
from ffieir freficiendy of extractive matter. % * > 

The preparing and dressing of lambs, sheep, deer, goat, and other thin bides, 
closely resembles the nfcthod used with those of thicker or larger kind already 
mentioned, but it iftiially forms a distinct branch of business ; and it is one 
that requires much practical skill and nicety of manipulation, to produc»go8ds 
of the 'desired quality. Tlie processes vary in m>ny particulars, according to^he • 
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nature of the commodity. This branch of the leather manufacture supplies the 
immense demand of white and dyed leather, the (so called) Spanish and Morocco 
leathir, oftdifferent colours and qualities, and a great variety of thin leathfr for 
different purposes. Of these, the white leather alone is not tanned, but is pi !- 
pared by the process called tawing ; but the coloured leather receives alwav? a 
tanning, which is usually effected by sumach, independently of the other dyeing 
materials. The previous preparation of each, or that in •which the skin*is 
thoroughly cleansed, and reduced to the state of simple membrane, in which 
• it is called pelt, is especially the same, whether for tawing or dyeing. The 
^lode of perfoigping these operations at Bermondsey, adjoining London, is as 
follows : — Lamb skins, are first soaked for a time in water, to cleanse them from 
th»loose dirt and blood, then pqt upon the beam, (a half-cylinder of wood, covered 
with strong leather,) and scraped on the flesh side with the semicircular blunt 
knife with two handles, used for this operation; they are then hung up in consi- 
derable numbers, in a small close room heated by flues, where they remain to 
putrefy for a given time, during which a thick slime works up*to the surface of 
the skin, and the wool is loosed, so that it readily comes off with a slight pull. 
Each skin is tlten returned to the beam, the wool taken off and preserved, and 
all the slime worked off with the knife, and the rough edges pared away. The 
skin is next put into a pit filled with lime water, and kept there from tw'o to six 
weeks, according to the nature of the skin ; this process has the effect of stop- 
ping the putrefaction of the skins, and remlers them thicker and harder ; after 
which it is again worked upon the beam, and much of its substance is pared 
down, and alt inequalities smoothed with the knife. Much skill and judgment 
are required in these operations ; on the one hand, not to endanger the substance 
of the skin by the putrefaction, and on the other hand, to work out every })ar- 
ticle of the slime, the least of which, if retained, will prevent the skin from dressing 
well in the subsequent processes, and from taking the dye uniformly and well. 
The skin is again softened and freed from the lime, by being plunged into a vat of 
bran and water, and kept there for some weeks in a state of gentle fermentation, 
being occasionally returned to the beam. .Ml the thickening produced by the 
lime is thus removed, and the skin in this highly purified state, is a thin exten- 
sible white membrane, called a pelt, which is a condition that adapts it to any 
subsequent operation, of tawing, or dyeing, oil-dressing, or shammoying. 

The method of bringing kid and goat skins to the state of pelt, is nearly the 
same as for lambs, except that the liming is used before the hair is taken oft) the 
hair, being only employed by plasterers, is of little value ; but the lamb’s wool, 
which is more valuable, would be injured by the lime. Kid’s skins, being of a 
closer texture than lambs’, take a long time in tanning. 

If the pelts are to he tawed, they are then put into a solution of alum and 
salt, in warm water, in the proportion of about three pounds of alum, and four 
pounds of salt to every 120 middle sized skins, and worked therein till they 
have absorbed a sufficient quantity. Tliis again gives the skfn a remarkable 
degree of thickness and toughness. The skins are then taken out, washed in 
water, and then again put into a vat of bran and water ; and allowed to ferment 
for a time, till much of the alum and salt is got out, and the usual thickening 
produced by them is for the most part reduced. They are then taken to a 
lofty room, with a stove in the middle, and stretched on hooks, and kept there till 
fully dry. The skins are thus converted into a tough, flexible, and quite white 
leather; but to give them a glossy finish, and to take oft' the haJfhness of feel 
still remaining, they are again soaked in water, to extract moib of the sali^ and 
put into a large pail containing the yolks of eggs beat up withjwaiiV. Here 
the skins are trodden for a long time, by which they so completely imbibe the 
substance of the eggs, that the liquor above them is rendered almost perfectly 
Tlmpid; after which they are hung^ip in a loft to di-y, ai.xl finish»by glossing 
with a warm iron. The essential difference between tanning and tawing* there- 
fore, is, th.*t in the former case the pelt is combined wi*!)! tan or other vegetable 
matter, and in the latter with something that it imbibes from the alum and 
saft, probably alumine. • 

‘ ifhe IMovocco leather (so te’lnedfrom its being theipanie description article 
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as was formerly imported from the kingdom of Morocco,) is distinguished into 
two kinds; one being made from deers’ and goats’ skins, which kind is by far 
themSst durable and beautiful in appearance, and often called “reaf ilofniSco;’’ 
th? other from sheep skins, which, from being only about one-third the price of 
the*reat, and being artfully made to imitate the other, by the dressing and 
finisfi, is most extensively used for book-binding, shoes, coverings to desks, fur- 
niture, and an infiftite variety of purposes. The leather is thus made ; — The 
skin, cleansed and worked in the way already described, is taken from the lime 
water, and the thickening thereby occasioned is bronglit down, not by bran 
liquor, as in tawing, but bj' a bath of dogs’ or pigeons’ dung dii^jised in water, , 
w'here it remains tintil sufficiently suppled, and until the lime is quite got out, 
and it becomes a perfectly white clean pelt. If iijtended to be dyed red, or ajiy 
other colour, the opposite edges of the skin are brought together and sewed up 
very tight, forming an irregular close b.ag, with the grain side of the skin out- 
wards, as this side alone receives the dye ; therefore, if there are any holes in 
the skin, they ar^ also sewn up that the dye may not get inside the bag and 
dye both sides of the skin. The temperature of the bath should not be greater 
than the hand can bear, when the skin bags may be thrown in, which float 
upon the surface, the dyer working them about with a rod until they have 
imbibed the dye uniformly. The proper management of this process requires 
much skill and experience, some colours, particularly the compound, requiring 
two or more baths to obtain the required hue. The cochineal and Brazil reds 
are usually passed through a weak bath of saffron, which heightens the brilliancy 
of the colour, and gives an agreeable odour to the skins. After dyeing, the 
skins are tanned in a large vat containing a warm infusion of sumach, wherein 
they are kept for some hours, until they arc sufficiently tanned. Those skins 
that are intended to be black, are (list tanned in sumach, without any previous 
dyeing, as the sumach (or the gallic acid contained in it) acts as a mordant, to 
strike a black colour by the addition of a solution of iron, which is rubbed over 
them by a workman with a stiff brush. 

The next processes are polishing and graining ; they are performed either 
by hand or by machinery, and are technically called finishing. 'When per- 
formed by hand, the workman takes a skin and lays it before him upon an 
inclined mahogany table, the liighest side of which is upon a level with the 
workman’s middle, and the opposite side about a foot lower, in order that the 
weight of the body may assist in giving effect to the polisher ; this is a ball of 
glass cut into polygonal surfaces, with which the workman, holding it between 
his fists, rubs the surface of the skin uniformly from the higher part of the 
table to the lower, the weight of the upper part of the body being the principal 
force applied : the skin being held by its edges overhanging the highest side of 
the table against which the man presses during the work. This polishing or 
glazing of the surface, (which greatly improves the appearance of the article,) 
being done, the* graining is proceeded in. For this purpose the workman 
employs a ball of hard wood, usually box or lignum vitee, around which, equa- 
torially, are cut a series of equi-distant parallel grooves, producing thereby an 
alternating series of projecting parallel ridges ; with these ridges the workman 
scores the skin all over in parallel lines, and when that is done he shifts the skin a 
little, so as to cross the first lines at a very acute angle, with his ridged ball ; which 
he does uniformly ov^r*the skin, and thus produces a regularly corrugated surface. 

In the appljtation of machinery to the operations of polishing and graining, 
the ]fl'incinal difficulty to be overcome was to make the action accommodate 
itself to t!» varying thickness, hardness, and texture of the skin ; for the neces- 
sary quantity of force to grain the firm parts of the skin, would, if applied to 
tlw! tender parts, tear them ; and unless the machine possessed a very sensible 
degree of flrxibilityf the prominent parts wjuld get severely rubbed or struck* 
while tTie depressed parts would not get touched, or be but slightl}' acted upon. 
M'e shall annex a desciiptien of the eailiest invention (about twent^five years 
ago) for tins purpose^ whicli has been in use ever since. 

Hfoert's Patent Leather-finishing Machine . — This essentially consists of S vCTy ^ 
stiff cii'Milir I'rame or wl*el. 8 feet in diainctc*, revolving horizontally oi* a 
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vertical axis. On the under side of the periphery of this wheel are fixed, in 
suitable carriages, a series of circular polishers or grainers, according to'tthe 
nature of tffe work to be done : the carriages being provided with proper mearj 
of adjusting the position of the rubbers with great exactness, and of read>iy 
fixing, unfixing, and changing them, according to circumstances. These rub- 
bers, in their i-evolution, pass directly over a series of eight .tables, circularly 
an-anged underneath them. The upper surfaces of the tables are all brought to 
one true horizontal plane, parallel to the plane described by the under surfaces 
of the rubbers in their revolution. The skins to be polished or grained, are 
placed on thes? tables, one on each, and if they were all perfectly equal in 
, thickness, tenacity, and texture, very little more would be required to make 
suclf a machine work ; but as the skins differ in every possible degree in those 
qualities, the tables are mounted upon elastic bearings, and are further sup- 
ported by a lever to each, at the end of which lever is a step or treadle, 
whereon the workman stands, either witli both feet or with on* foot only, that 
he may temper the force according to circumstances, or the nature of the work 
under operation; and when he steps entirely off the lever, the table falls below 
the level of the range of the nibbers, and therefore out of action. When the 
man is on the step, the surface of the table over which the rubbers act, approaches 
within the hundredth part of an inch of the plane described by the lower sides 
of the rubbers, so that when a skin is interposed, the thinnest parts are operated 
upon, and with a force as slight as the workman pleases, and the thick and 
tough parts with any greater pressure at the direction of the operator. For 
attaining and preserving a very true plane on that part of the table over which 
the polishers and grainers traverse, that portion of it is made of brass with 
adjusting screws underneath. The extremities of this metallic portion are gra- 
dually lowered a little from the true plane to prevent the rubbers sinking the 
skin as they pass in rapid succession on to or offtlieir work. A workman, who 
stands before each table, spreads the skin upon it, and keeps constantly shifting 
it after each rub it receives, till it has all been operated all over alike in parallel 
lines; he then turns the skin a little sidew.a^s, so that the grainers pass over 
the previous lines at an acute angle, as before mentioned in the liand work. 
The glazing and graining of leather may thus be performed in an equal, if not a 
superior manner to that of hand finishing, and at about one-tenth the cost. Owing 
to the ground rubbers not being properly chamfered off towards their edges, and 
to the irregular movements of the skin over the table, by unpractised operators, 
the skins were at first occasionally scored, showing in a 1 ■ 1. ■ ‘ . . .' 

the curved lines upon its surface. These defects were s i ■ ■ . 

tion to the points mentioned, and the work afterwards e.xecuted was iqjon the 
whole of a superior description ; for it will be readily conceived, that with so great 
a radius as 4 feet (the wheel being 8 feet in diameter), the curvilinear form of the 
lines so close together, and crossing each other, so as to form n.*nute lozenge- 
shaped projections, would appear to be straight ; and that if a scratch be made 
across a skin, it rvould equally mar its beaulj', whether it were in a slntight or 
a curved line. However, a gentleman of great talent (Mr. Joseph Ellis) subse- 
quently conceived the idea of a finishing machine that would groove the sk.n in 
straight lines ; and it was constructed with great accuracy and beauty of work- 
manship by Mr. Alexander Galloway, who joined Jtr. Ellia in a patent ior it. 
Whether this machine was ever brought to work to advantage the writer is not 
informed, or has no recollection, but it appears to him to bo af a’ character 
deserving of notice in this place. _ , 

Ellis’s Machine . — Instead of a gi'eat wheel revolving horizontally, like Hcbeit s, 
he employed a little wheel (about 30 inches diameter), which revolved vertically 
Jik^a grindstone; on the outside edge of which were fixed, in ^^litable ^aiiiages, 
the glazers and grainers, provided witl? proper adjustments. The table on which 
the skins were laid w'asa hollow segment of a circle, of^t!^ same radius as that 
described by the rubbing surfaces of the glazeis and gnuntiji ; thus the skins 
w erehmjye’ssed with right lines by a curvilinear motion, owing to their 1) ing i-» a 
li#llow curve. The specification ojjthi.s invention, vciy i',^iy and iuily descsibed, 
is givfti in th.e thirteenth vohime of thj nf Arts, hecond hcrics, to. 
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■which the reader is referred for the details; an inspection of the drawings 
in Which inclines us to think the machine may have failed fi om two gauses ; 
fPirst, the finisher incurs great risks from hlows by the revolving Tools as they 
SMCcessively descend into the hollow curve wherein the skin is operated upon. 
Hfe has to look down this curve to see his work ; and as the view is a verj' 
unfavourable on^for examination, he might inadvertently put his head too near 
and get a fatal blow. If a guard were put up to prevent such an accident, it 
would be in the way, and obstruct light in a situation where more is wanted.. 
Second, The necessity of extraordinarily accurate workmanship to make a per- 
fect adjustment^of the concave surface of the table, with the cm ve described Uy 
the revolving tools. A third objection will probably lie against the direction in • 
which the table is brought into or goes out of 'action ; it is made to slide m a 
horizontal and tangential line with the lower side of the circle described by the 
tools, consequently the lower extremity of the table comes into action first, which 
must subject this Important part of the machine to shocks very unfavourable 
to the preservation of a perfectly true bearing. We submit that it would be 
better to make the table move in a radial line to the centre of the wheel, or at 
the least, in a tangent to a very small inner circle. 

Splitting of Hides and Skins. — We have already noticed that after a sheep 
skin, or other raw hide, has been cleansed and purified from all extraneous 
matters, it undergoes a scraping and paring of its inner surface to give it a 
thinner or more uniform substance ; by these processes the subsequent dyeing 
and tanning are greatly facilitated. This reduction of the substance was once 
entirely, and is still partially, executed by means of a knife in the hands of 
workmen, some of whom are so dexterous as to be able at every stroke of the 
knife to ta’ke off a shaving the whole breadth of the beam. The utmost exer- 
tion of ordinary skill was, however, insuflScient to prevent the frequent recur- 
rence of unlucky cuts, by which the value of the skin was considerably 
lessened, and the pieces sliced or scraped off were only applicable to the 
making of glue. But by the introduction of machinery to effect this operation, 
the skin is now divided throughout its entire substance into two parts of equal 
extent, one of which is subsequently converted into leather, and the other into 
parchment ; at the same time the upper or hair side of tlie skin is thereby 
made smoother and of a more uniform thickness, which enhances its value. 
During the last forty years a variety of highly ingenious machines have been 
constructed for this curious and apparently difficult operation. It is now about 
twenty-seven years ago that we saw a beautiful machine for this purpose at 
work in the extensive manufactory of the Messrs. Bevington, near Bermondsey, 
the peculiar or essential features of which we shall be able to afford the reader 
an idea of in a few words. 

Bevington s Splitting Machine. — In a stout framing were mounted t,vo 
horizontal roliers or cylinders, which were made to revolve in opposite direc- 
tions by means of pinions at one of tlieir extremities gearing into each other. 
The lower roller was solid and turped concentrically upon its axis ; over this 
roller the skin in its wet state was spread out across its breadth, with its even 
side next to the roller, the uneven or flesh side being uppermost. To give an 
uniform pressure to the uneven sirle of the skin, a species of flexibility was con- 
ferred to the upper roller by compounding it of a series of circular metallic- 
plates, likepi roll of penny pieces, but which were about half an inch in thick- 
n^s, and riirqp inches in diameter ; each plate had two holes, one in the centre, 
througjf which passed a fixed axis, smaller than the hole, in order that the 
plates migRt have a certain degree of play or eccentricity of motion ; the other 
^ hole was about midw.ay between the centre and the circumference, through 
which a jod passed freely, the extremities of which were so fixed to flange%at^ 
the^xtremity of the roller as to perform^ planetary motion round the common 
centre of the plates ; and as the rod passed through all the circular plates, they 
were all carried rouTicT with it, while the centre of motion of each individual 
plpte, owing to the play given to them, were constantly being changed in»pro- 
portjon to the thickness of that part of the skin pressed against it, by tlie rev% 
.lution of the lower inflexible roller. As the'skm emerged from the bite beRveen 



LEATHER. 


71 


the rollers, it came in contact with tlie straight edge of a very sharp knife, to 
which a constant sawing-like motion was communicated by the revolution,of a 
crank! The circular plates, which were turned with great truth, were not 
pressed fast laterally, but kept slack and well oiled, their sides sliding freely 
against one another, so that each individual plate pressed simply by its r^wn 
gravity, in order that however varied the thickness of the skin, the pressure 
should be uniform over the whole surface. ’ ’ 

By this anrangement it will be observed, that the upper portion of the skin 
• is the uneven one, and that the lower portion is the perfect skin, smooth, and 
jmiform in all i,5^ parts. As a curiosity, and to show the capability of the machine, 
sheep-skins were sometimes split into three parts of equal area^ the outside one 
being applicable to the prepara;ion of several kinds of leather, the middle to 
the making of parchment, while that on the flesh side, from its inequality of 
thickness, and want of firmness, was only applicable to the making of glue. 

Stott’s Splitting Machine, — About the same period of time that we saw the 
machine at Messrs. Bevington’s (which, we should have added) was said to be 
the invention of Lieut. Parr), another machine was brought under the notice of 
the Society of Arts, who rewarded the inventor, Benjamin Stott, of Bermondsey 
Street, with the sum of twenty guineas for the communication of the same. It 
is described with engravings in the twenty-fourth volume of the Society’s 
Transactions, of which we subjoin the following brief account: — The skin is 
wrapped round a cast-iron band, having wooden ends, over which the sides of 
the skin are overlapped and made fast by pins stuck through them into the wood. 
There is also a longitudinal groove in the barrel for the insertion of a locking 
bar with points that holds down the ends of the skin underneath them. The 
banel, with the skin so stretched upon it, is made to revolve by the agency of an 
attached cord passing over a pulley, and having a weight appended to the other 
end. The axis of the barrel rests upon two anti-friction rollers, which turn in 
a slip of brass fixed to the wooden frame of the machine ; and the weight is 
only just sufiicient to overcome the friction of these paits, and to bring up the 
skin against the edge of the knife as it cuts by the traversing motion of a frame 
to which it is screwed. 

Revere's Splitting Machine. — By a reference to the eighteenth volume of the 
Repertory of Arts, Second Series, we find the specification of an English patent 
granted to Mr. Joseph Waneii Revere, an American, “ for a new and improved 
method of splitting liides and shaving leather,” dated 1810, in which the 
patentee declares his method to “ consist in the use of a fixed or stationary 
knife, and in so placing and confining it as to meet the hide or leather before it 
escapes from the action of the forcing cylinders ; and also in the construction of, 
and the manner in which, a powerful action is obtained from the forcing cylin- 
ders, whereby the hide or leather, as it passes through, has not room to deviate, 
but must necessarily be forced and proceed right onward to the knife, and 
undergo the splitting and shaving intended. By this machrfe the hides or 
leather are split or divided into any thickness required, and with gieat expe- 
dition ; and when divided or split, are left with smooth surfaces, and free from 
any marks of the knife.” Thus far saith the record of the patentee ; but 
whether the motion of the knife can be dispensed with, and yet produce good 
work, is a point that may still be questioned. We can conceive the possibility 
of its answering to split a skin, were it of uniform thick^d^s ; but it is other- 
wise, and the patentee has made no provision in his machine to dccommodate 
that circumstance. He has a feeding roller set all over with points, wjjich Con- 
ducts the skin between a pair of inflexible rollers, “ grooved or flwteu'longitu- 
dinally upon the surface of both of them and it is these that are said to force the 
skin so that it cannot deviate from passing on each side of the edge of the knife.' 
l?lit it seems to us evident that a she^p skin, varying as it dt^s in its»thickness, 
must be absolutely crushed in its thick parts before the thin parts can be’eom- 
pressed firn»enough to be cut by a mere push, especiSll)»at that distance that a 
knife edge can approach a fluted roller; and as the pressure mtlst be unequal where 
the^urfeces of the skin are not parallel and the rollers are, it seems to follow That 
^he^kin would be cut into ridgjs in the direction of tlK motion of the skin. 
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We stall finish our account of this curious branch of art by the description 
of » novel and recently patented invention for the purpose, which has been 
^jrnished to us by that eminent draftsman, hir. C. Davy, of Furfiival’s Inn, 
I^ndon. 

Duxiunjs Patent Skin Splitting Machine. — Mr. Davy states that it has been 
f(^md that the pajallel sides of a cylinder are not adapted for the smooth exten- 
sion of a skin upon them ; and that the consequence of compressing it between 
such surfaces is to form little wrinkles, which the straight knife cuts through, 
and thereby produces holes. To obviate this defect, and also that of the ridges 
produced by the reciprocating action of the knife, a variety # machines ha* 
been projected, m which the cutters partook of a rotatory motion ; but the 
mechanical difficulties attending the applic.'itimi of the principle have leS to 
their abandonment. Mr Duxbmy has, howeter, by a novel position of the 
cutters, and a peculiar form of the bed over which the skin is laid, overcome 
all those difficulties, and the skins are cut by one continuous smooth slice over 
the whole surface. The ntachine, as shown in the subjoined engravings. Figs. 1 


< . 


and 2, essentially consist of a great vertical wheel A. 17 feet in diameter, com- 
^)osed of wood, strengthened by iron arms ; the axle of which turns in plumrq^r 
blocks, ujfon a strong framing I 1. On periphery of this wheel are fixed * 
twenty-five thin plates of steel, ground to a fine edge, and so closely fitted as 
to form a complete knife, projecting a shoit distance Iwri^oritaUy from 

fhe side of the wticel, Tltc skin to be split piisscs over the drum ^ w^ich 
instead of being straight sided Irngitiidinally, has a curved concavity of th^ 
same Radius as the cu^-c described by the Tcvolving knives, or continued 
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circular knife before mentioned ; his 
drum is made of wood externally, 
fittediupon an iron frame, and turned 
to the true curt'e. A slit is cut lon- 
gitudinally on the surface of the 
drum, wherein the edges of the skin 
are secured ; and the skin is kept 
distended during the operation hy 
means of a cast-iron frame F, called 
by the patentee the governor, and 
'shown in the fiJIlowing figure (3), on 
a larger scale. The ends slide in 
guiSes in the upright posts of the 
framing, to which it may be adjusted 
and fixed ; and it is provided at K 
with a lever and chain for raising or 
lowering it from its position, as may 
be required. The skin as it is split 
passes through the opening H, and 
thence on to the roller G, vmereon it 
is wound. Motion is given to the 
machine by a band passing round 
the pulley B, which actuates the pul- 
ley C on the same axis ; and this, by 
means of an endless band, turns the 
pulley D ; on the axis of the latter 
is an endless screw M, which turns 
the wheel L on the axis of the 
drum ; thus motion is communicated 
to the whole. In splitting small 
skins, several drums, such as that 
described, are arranged under the 
lower side of the great cutting wheel. 



Fig. 3. 



a “ governor ” of a difierent kind, to compensate any i.^egulanty that 
there may be in the surface of the drum ; it consists, as shown in the annexed 
figm'e (4), of a series of pieces of metal Ijanging loosely on a bar, so tliat they 
may, simply by their gravity, press with a uniform force upon an irregular 
surface. 



Currying Leather . — This operation, which usual^ forms quite a distinct 
business, co^isists in a peculiar mode of dressing or preparing leather for boots, 
shoes, harness, and a variety of other things. The dressing of a calf skii\ for 
the upper-leathers of shoes, will give a general idea of the process. TJje offal 
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parts, such as the head, tail, and shanks, being first taken off, (which is called 
rounding the skin,) it is soaked in a tub of water preparatory to shaving, which 
is performed upon a beam. The beam is a post fixed in an inclined ptfeition, 
fcid faced with lignum-vitae, about 8 inches broad. The knife is a stout rect- 
asgular blade, about 12 inches long and 5 inches wide, with two edges; one 
enS has a straight handle, and the other a cross handle in the direction of the 
plane of the blade. A coarse and a fine grit whet-stone are used to bring up 
the edge of the knife, which is afterwards turned to a “ wire edge” by means of 
a steel instrument, which the workman constantly holds between his fingers. 
The mode of using the knife has already been noticed. In oi^er to keep thg 
substance of th^ skin equal, the man frequently examines it in the course of 
shaving in every part, by passing it double between his fingers ; and when^uf- 
ficiently reduced, he throws it a second time into a tub of cold water to be 
scoured and extended; for this purpose it is laid upon a stone table, to which 
the flesh side adheres, and is there worked with the edge of a small square 
stone fixed in ti handle : pumice stone is sometimes used. VV’ith a brush the 
skin is cleansed firom a substance called the bloom, which all leather, tanned 
with bark, is found to contain. After being thoroughly cleansed and distended 
while in its wet state, it is stuffed with a mixture of two parts cod oil, and one 
part tallow, called dubbing, which is applied to both sides of the skin, but 
chiefly on the flesh side. It is then hung up to dry, by which the moisture 
evaporates ; and the oil, which cannot be dissipated by mere exposure, gra- 
dually takes the place of the moisture, and sinks deeply into the pores of the 
skin. The leather is next boarded or bruised, by a grooved piece of wood 
(tike a crimping board) that is fastened to the hand by a strap ; with this the 
skin is doubled and worked until made very flexible ; it is next “ whitened,” 
that is, lightly shaved over again, by which the flesh side is well cleaned, and it is 
brought into a proper state to receive the colour used in waxing. Before it is 
waxed, however, it is boarded a second time, when it is in that state called 
finished russet, in which state it can be best preserved ; therefore, until it is 
wanted for sale, the subsequent operations called waxing are left undone. The 
“ colour," or blacking, is a composition of oil, lamp black, and tallow, which is 
well rubbed into the flesh side with a hard brush, great care being taken to 
keep the flesh side clean. A coat of strong size and tallow is then laid on 
with a soft brush ; it is afterwards rubbed with a smoothing glass ; and lastly, 
it receives the finishing gloss from a little thin size laid on with a sponge. 
After the first coat of size the skin is laid up to dry and incorporate, and a 
lump of hard tallow is rubbed lightly over the surface ; the skin is thus com- 
pletely finished for the consumer ; and leather so dressed is found superior in 
point of appearance and durability to any other method. The curriers also 
blacken leather on the grain side, which is done by rubbing it with a solution 
of copperas, which, combining with the gallic acid of the tan, produces a 
black. • 

Busda Leather is prepared in Russia by a series of processes not essentially 
differing from our own. The tanning material is, however, seldom oak bark, 
the bark of the black willow being preferred ; and where this cannot be obtained, 
birch bark is the next in request. Their dyed leather is usually red or black. 
For the red, the hide is first soaked in alum water, and then dyed with Brazil- 
wood. The black»ir given, as usual, with an iron liquor. The leather is then 
• smeared with birch tar, which gives the peculiar smell so much prized (and 
which, when used for book-binding, has the valuable property of protecting the 
book frigi worms), and is finished by various other mjinipulations. The streaked 
or barred surface is given to the leather by a very heavy steel cyhnder, wound 
jound with wire, which makes the indentations. 

S(^an er Dyed ^aroquin Leather, of excellent quality, is extensively pi^ • 
pare4 at Astracan and other parts of Asiatic Russia. Only bucks’ and goats’ 

^ skins are used for this purpose, and the favourite colours are red^nd yellow. 

^ The general metho^ of preparing the pelt is the same as in this coimtry for the 
' dyq^ Morocco leather; that is, by lime, dog’s dung, and bran. Honey isfilso 
used J^er the hranning.^ The honey is dissolved in warm water ; and son^e o^ 



this liquor is poured out on each skin, spiead out on wooden trays till it has 
imbibed the whole of the honey ; after which it is suffered to ferment about 
three<day3, then salted in a strong brine and hung up to dry. Tlie skin is*then 
ready to receive the dye, which, for red, is made with cochineal, and the SoIso'm 
cricoides, an alkaline plant, growing plentifully in the Tartarian salt deseri; ; 
and the colour is finished with alum. When dyed the skins are tanned v^th 
sumach. To the very finest reds a quantity of sorrel is used #vith the cochinjal 
bath ; and the subsequent tanning is given with galls instead of sumach, which 
renders the colour as durable as the leather itself. The roughness always 
observed on the surface of the skins, is given by a heavy kind of iron rake with 
Tblunt points, rlie yellow saffians are dyed with the berries of a species of 
rliainnus (the Avignon berry answers the same purpose), or with the flowers of 
the wild chamomile. ’ 

Real Morocco Leather, as prepared from goat skins at Fez and Tetuan, is 
thus described by M. Bruffonet in the Bulletin des Sciences. The skins are first 
cleansed, the hair taken off, limed, and reduced with bran, noarly in the same 
way already described for the English Morocco leather. After coming from the 
bran they are thrown into a second bath, made of white figs mi.'ced with water, 
which is thereby rendered slimy and fermentable. In this bath the skins remain 
four or five days, when they are thoroughly salted with rock salt alone (and not 
with salt and alum), after which they are fit to receive the dye, which, for the 
red, is cochineal and alum ; and for the yellow, pomegranate bark and alum. 
The skins are then tanned, dressed, supplied with a little oil, and dried. 

Shagreen. — This singular and valuable leather is a manufacture almost 
peculiar to Astracan, where it is prepared by the Tartars and Armenians. For 
making shagreen, only horses’ or asses’ hides are taken, and it is only a small 
part from the crupper, along the back, that can be used for this purpose. This 
IS cut off immediately above the tail, in a semicircular form, about 34 inches 
upon the crupper, and 28 along the back. These pieces are first soaked in 
water, till the hair is loose, and can be scraped off ; and the skin, again soaked, 
is scraped or shaved so thin, as not to exceed a wetted hog’s bladder in thick- 
ness, and till all the extraneous matter is got off, and only a clean membranous 
pelt remains. The piece is then stretched tight on a frame, and kept occa- 
sionally wetted, that no part may shrink unequally. The frames are then 
laid upon a floor, with the flesh sides of the skins undermost, and the grain sides 
are strewed over with the smooth, black, hard seeds of the alabuta, or goose-foot, 
(Chinopodium album,) and a felt is then laid upon them, and the seeds trodden 
in deeply into the soft moist skin ; the use of thi.s is, to give the peculiar 
mottled or roughed surface, for which shagreen is distinguished. The frames, 
with the seeds still sticking to the skins, are then dried slowly in the shade, till 
the seeds will shake off without any violence, and the skin is left a hard, horny' 
substance, with the grain side deeply indented. It is then laid on a solid block, 
covered with wool, and strongly rasped with two or three iron istruments (the 
particular forms of which it is unnecess^ to describe), till the whole of the 
grain side is shaved, so that the impression of the seed is very slight and uni- 
form. The skins are then softened, first with water and then with a warm 
alkaline lye, and are heaped warm and wet upon each other, by which means 
the parts indented by the impression regain much of 'their elasticity ; and 
having lost none of their substance by paring, rise up fi’Ily,to the level of the 
shaved places, and thus form the prominent grains, or the gra,nular texture 
peculiar to shagreen: the skin is then salted and dyed. The^ beautiful jyeen 
dye is given by soaking the inner or flesh side of the skin with a«s^turated 
solution of sal ammoniac, strewing it over with copper filings, rolling it up with 
the flesh side inwards, and pressing each skin with a considerable weight, for 
•bout 24 hours, in which time the sal-ammoniac dissolves enough of the coppeV 
to penetrate the skin with an agrAable sea-green colour : this is*repeated a 
second timg, to give the colour more body. Blue shagreen is dyed with indigo, 
dissolved in an impure soda, by means of lime and iioiley. Black shagreen is 
dj»d yith galls and vitriol. The skins are finished with ofl or suet. 

Gunhu's Patent Substitute for Leather — 1824. — This invention consists in the 
• i • •• 
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application of an elastic coating and varnish to substances of a pliable nature, 
3uch«as all kinds of cloth, whether cotton, linen, woollen, or felt. When the 
qjpterial is required to have flexibility, the composition is to be made of tlfe fol- 
lowing ingredients : — 

« 

^ Common glue size 8 parts. 

‘Boiled linseed oil 4 „ 

Lamp black 1 „ 

White lead, ground fine . . . 2 „ 

Pipe clay, ditto 2 „ • . 

These are to be melted and well blended togqfher over a fire. At first *he 
size is to be melted, then the oil is to be added in small quantities at a time, 
next the lamp black, white lead, and pipe clay, duri^ which it should be con- 
stantly stirred ; the composition is then complete. The cloth being preriously 
strained upon frames, the composition is spread on it evenly and smoothly with 
a pallet knife, working it well therewith into the interstices of the cloth, so that 
it shall be thoroughly saturated with the composition. The first coat b then 
to be dried, either in the air, or in a warm room, by hanging up the frames, care 
being taken that they be not exposed to much heat. When thoroughly dried and 
hard, a second coat may be laid on and dried in a similar way ; Sso a third, a 
fourth, or a fifth, if required of great substance, which should all be spread on 
as smoothly, and every successive coat be hard before the next is laid on. 
This material, the patentee states, b chiefly intended for the manufacture of 
patten ties, and therefore he cuts it into strips previously to vambbing it, and 
passes them between polished metal rollers to give them a smooth even surface. 
Some drying linseed oil, or other suitable varnish is then brushed over the 
strips; mixing with the vanish any required colom: to give the article the 
desired tint. The next operation is the cutting up the material into the usual 
sizes for patten ties, and finishing the same as usual under a screw-press 
with dies. 

For coach tops, and other purposes where flexibility is not necessary, the 
quantities of the pipe clay, white lead, and size, may be increased, according to 
the nature and use of the article to be manufactured of it. For smoothening- 
dowu and polishing such large pieces of the clotli as will not pass through the 
roller press, the common method of rubbing with pumice stone, tripoli, &c. is 
adopted previous to varnishing. 

Hancock’ t Patent Substitute for Leather . — Instead of using cloth, as in 
Mr. Gunby’s patent just described, Mr. Hancock merely hackles or cards the 
fibres of flax, cotton, &c. by which they are drawn out into layers of a suitable 
thickness ; they are then felted together in a trough of water, and afterwards 
pressed between cylindrical rollers. Over this fabric, liquid caoutchouc or 
Indian-rubber % to be spread uniformly by means of a spatula. When the 
caoutchouc has sufficiently solidified, it b to be again pressed, then receive 
another coat of the resin, and again pressed. 

LEMONS, Salt of, b the native salt of sorrel, the super-oxalate of potash, 
and is chiefly used to take the ink-spots out of linen. The effect is produced 
by the oxalic acid dissolving with facility the oxide of iron in the ink, on the 
combinations of wBidh with the gallic acid the colour depends. It can be used 
without any Msk of injuring the texture of the cloth. 

L*EIs^ in Optics, a piece of glass, or other transparent substance, having its 
two sufSfces so formed that the rays of light have their direction changed by 
passing through it ; so that they either converge, tending to a point beyond the 
fens ; or diverge, as if they proceeded from a point before the lens ; or become 
parallel, after converging or diverging. Sqjne lenses are eoiivex, that is, thickd!' • 
in tbs middle than towards their circumlerences ; those that swell on both sides 
are called double conges lenses; some are concave, or thinner in^he middle; 
some are plano-convex, or fiat on one side and swelling on the other ; some are 
plaAo-concave, or flat on one side and concave on the other ; and lastli^ sAne 
are ccMcave on both side*. According to some^opticia .is, the greatest ciiaii^ter* 
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of a lens is half an inch, if it exceed that thickness they do not call it a lens, 
but a lenticular glass. Lenses are made either by blowing or grinding. Blown 
lenses are small globules of glass melted in the flame of a lamp : groSnd 
lenses are reduced by' grinding and polishing. A variety of simple apparatus 
is employed in the processes of grinding and polishing lenses, amongst whic^ 
the following was recently^ introduced to the notice of the members of the 
London Mechanics’ Institution, by Dr.Birkbeck, in one of his interesting lecturA 
on improved mechanical inventions, a shows the edge of a circular lap or 
slab, used for grinding flat glasses upon ; i a circular tool or block, upon the 
under surface of jyhich the glasses to be ground are cemented ; c is a recipro- 
cating bar; d a box containing any weighty matter; e a long morticed aperture 



in the frame, through which the bar c freely works; f a crank ; 
g a winch ; h a double pulley wheel, the axis of which rests in 
the block i ; j a single pulley wheel. Now on turning the 
crank by the winch g, the bar c gives to b an eccentric motion ; 
the attrition of b on the surface of the lap a being increased or 
diminished at pleasure by increasing or diminishing the load 
in the box d. It should be noticed, that the cord which passes 
round the pulley h is crossed previous to its embracing the 
periphery of the pulley i, consequently a motion is given to the 
lap a the reverse of that given to b, which is considered toqirp- 
duce the best effect of grinding. The apparatus described is 
devoted to the producing of plane surfaces to optical glasses ; , 
but the apparatus on the other side of the machine, is at the 
same time, by similar arrangements, employed in grinding con- 
cave or convex surfaces. For this purpose a variety of laps 
an^ other tools, similar to those delineated in the margin, are so 
•made as to fit on the bed /, which #)ed is adjustable by four 
equidistant screws. The pulley o is driven by' another band 
on the pulley h, and the required pressure given by another 
load^ box p; the use of the lovrer tool t was not apparent to 
^ (wherf we took our sketches), but we conjecture it is intended 
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to fix a diamond at the point, for cutting the glasses out of a true circular figure, 
by being screwed on at m. The several tools used are adapted for ready 
changing, that the operations may be performed with celerity. See Optical 
*Ikstroments. 

‘ LEVEL. An instrument employed for obtaining a line or plane parallel to the 
plane of the horizon. One principal use of the level is to find the difference of 
Elevation of two cr more planes, for the purposes of conveying water, constructing 
roads, &c. from one place to another. Among the various contrivances employed 
for constructing instruments for finding the level, the following are some of the 
principal. The water level, the horizontal line by the surface of the fluid : — The 
most simple kind is nothing more than a long wooden trough, mled with water, 
such as is described by Vitruvius, under the name of the chombates. Another level 
of this kind consists of two cups, fitted to the ends of a straight cylindricallube, 
of an inch in diameter, and three or four feet long, by which the water freely 
communicates from one cup to the other; the tube is movable on its stand by 
means of a ball and socket, and thus the surfaces of the water, when the cups 
are equally full, show the line of level. Two glass cylinders, of three or four 
inches in length, may be substituted instead of the cups, being fastened with 
wax or mastic to the ends of the tube : this machine should be filled with 
coloured water. A very simple quicksilver level, invented we believe by 
Mr. Parker, of Sweeny, is delineated in the annexed cut, which it is said is 
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are screwed down by flanges to the tube/, which is flat at top, and through which 
the mercury flows, c c are two floats also exactly equal to each other in length, 
weight' and lower surface. A hole, one-eighth of an inch in diameter, is drillec^ 
on one side of the funnels for introducing the quicksilver, and afterwards closely 
stopped with a fine cork ; c? is a mahogany top to the instrument, to which the 
funnels, &c. are screwed ; e c are collars or guides for the floats, made of lignm^- 
vitm, and to prevent the escape of the quicksilver ; y is the stSnd and pivot on 
which it turns. Between all the junctures leather washers are introduced, to 
keep them tight. 

. In using this*instrument, an observation is made on tJie tops of the floats, 
which, when they exactly coincide or project equally, shows the ground to be a 
truediorizontal plane ; on the contrary, when they differ in height, the ground 
is not level. This mode of taking an observation appears to us defective, as the 
most distant of two surfaces, when upon the same plane, cannot be distinctly 
seen. It would be better to have a circular hole through the togs of the floats, 
and to look at them from a fixed point on either side : when the two circles 
coincided, they would appear to the eye as only one of a true figure, and denote 
a'true level; any deviation would be clearly denoted by the circles intersecting 
each other, and producing a curved figure, with two pointed ends, which would 
express exactly the extent of the alteration required. The simplicity and 
strength qf the instrument permit of its being thrown down, and rolled about 
without sustaining injury, and any rough unlettered man may use it with 
effect. It may be had, we are informed, of Mr. Batt, Seedsman, 412, Strand, 
London. 

In the air level, invented by M. Thevenot, the level is determined by means 
of an air-bubble, inclosed with some fluid in a glass tube, hermetically sealed at 
both its ends ; the case or ruler in which the tube is fixed will be exactly 
level when the bubble remains at a marked point at the middle of the tube ; 
the bubble being on either side of this mark shows the variation. The glass 
tube is sometimes enclosed in another of brass, the centre of which has a hole 
sufficiently large to observe the place of the bubble. The liquor employed 
should be such as will not readily freeze, rarefy, or condense, such as oil of 
tartar, aqua secunda, 8rc, The instrument *last described has received many' 
successive improvements, by the addition of sights and other apparatus. 
M. Huygens contrived a level, carrying a telescope instead of plain sights, 
which possesses some advantages above the common sort ; and his invention 
has been improved upon in a variety of ways by the instrument makers. A 
machine of this kind, containing the principles both of the barometer and ther- 
mometer, was proposed by the late Dr. Desaguliers j but though in theory it 
seemed good, yet in practice it was found very inaccurate. (Philosophical Trans- 
actions, Vol. XXXIII. p. 65.) Amongst the various spirit levels that have been 
proposed, that contrived by Mr. Hadley deserves to be noticed: it is adapted 
to a quadrant for taking the meridian altitude at sea when the donzon is not 
visible. A description and drawing of this useful instrument may be seen in 
Philosophical Transactions, Vol. XXXVIlIt The reflecting level is the next to 
be mentioned : it represents the object as reflected upon a long surface of water 
in an inverted position, and was invented by Marriotti. Another kind, which 
we owe to Cassini, consists of a polished metal mirror, placed at a small dis- 
tance before the ohject-glass of a telescope, suspended perjJfendicularly ; this 
mirror being set at an angle of 45®, the perpendicular line of thtr telescope will 
become a horizontal line, that is, a line of level. The plumb or JlendulumlePel, 
ascribed to Picard, shows the horizontal line by means of a line cutulig the 
plummet line perpendicularly ; it consists of two legs, joined together at right 
angles, with a telescopic sight, and other apparatus; the whole is nxed on a* 
* stand by means of a hall and socket.^ The balance^ level is an instrufnent siw- 
pended by a ring ; and when in equilibrio, two sights, properly fitted tef the 
instrument, will show the line of level. The carpenter sj bricklayer's, orpaviour's 
level consists of a long narrow board, to the middle of whirfi is fixed, perpen- 
dicuiarlW, another board, broader and shorter than the former, and having a 
fine irawn through its middle, c^.ttingtho first mentionwd board at right artgles. 
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A plummet being suspended fiom the top of the upright piece shows that the 
bas§ is horizontal when its line, and the line drawn from the point of suspen- 
sion, exactly coincide. The mason’s level is composed of three pieces, framed 
together in the form of an isosceles triangle. From the vertex of this a plummet 
is^uspended, which, when it hangs directly over the mark in the centre of the 
base, indicates that the base is exactly in the line of level. 

*LEVELLINC?. The art or act of finding a line or plane parallel to the 
plane of the horizon. The uses to which this art applies, are the determining 
the height or depth of one place with respect to another ; the laying out of 
grounds, regulating descents, conducting water, &c. It is necessary to premise 
that two or more places are, strictly speaking, on a level, when they are equally 
distant from the centre of the earth ; and a l^ie, of which all its constiUient 
points are equally distant from that centre, is called the line of true level. But 
tliis-line, consistently with the round form of the earth, must evidently be a curve, 
similar and parallel to the earth’s circumference, and concentric with it. But 
the line of sight employed in such operations as are not on an extensive scale, 
differs from the line above described, being in effect a right line or tangent to 
the earth’s circumference, and is called the apparent line of level. But this dif- 
ference, as we have already remarked, need not be attended to in operations 
upon a confined scale, such as sinking of drains, paving of walks, or conveying 
water to short distances, &c. ; but where the operations are required to be 
carried to a considerable extent, such as the construction of canals of many 
miles in length, the distinction between the true and apparent level must neces- 
sarily he attended to. The difference between the true and apparent level may 
be readily found from a property of the circle, demonstrated by Euclid, {Elem. 
Book III. Prob. 36.) In one mile this excess of the apparent above the 
true level will thus be found to be 7.9618, or almost eight inches. Hence, 
proportioning the excesses in altitude according to the square of the distances, 
the following table is obtained, showing the height of the apparent above the 
true level for every one hundred yards of distance on the one hand, and from 
a quarter of a mile to fourteen miles on the other. 


Distance in Yards. 

Diflferencc of level 
in Inches. 

Distance in Miles. 

Ditfeieuce of level 
in Feet and Inches 

100 

.026 

X 

4 

O.Oi 

200 

.103 

I 

3 

0.2 

300 

.231 


0.4i 

400 

.411 

1 

0.8 

500 

.643 

2 

2.8 

600 

.925 

3 

6.0 

f 700 

1.26 

4 

10.7 

800 

1.645 

5 

16.7 

900 

2.081 

6 

23.11 

1000 

2.570 * 

7 

32.6 

1100 

3.110 

8 

42.6 

1200 

3.701 

9 

53.9 

130p r 

4.314 

10 

66.4 

. 1400 

5.038 

11 

80.3 

JoOO 

5.784 

12 

95.7 

♦ 1600 

6.580 

13 

112.2 

1700 

7.425 

14 

130.1 


'Tnis table is adapted to several useAil purpose.s. Thus, first, to find the 
height of the apparent level above the true at any distance. If Jhe given dis- 
tance is in the table, the correction of level is found on the same line with it ; thus, 
at^he distance of 1000 yards, the correction 2.57, or 2J inches nearly; sand at 

the distance of 10 mile<f is 66 feet 4 inches. But if the exact distance is n't 

\ • 



found in the table, then multiply the square of the distance in yards by ‘>.37, 
and then divide by 1,000,000, or cut off six places on the right for deei*nals, 
the rSst are inches ; or multiply the square of the distance in miles by 60 fc*t 
4 inches, and divide by 100. , 

Secondly. To find the extent of the visible horizon, or how far an obseiTer 
can see from any given height, on a horizontal plane, as at sea, suppose ^le 
eye of the observer, on the top of a ship’s mast at sea, is thelicight of 130 feet 
above the water, he will then see about 14 miles round; or fiom the top of a 
cliff, by the sea-side, the height of which is 66 feet, a person may see to the 
distance of nearly 10 miles on the surface of the sea. Also when the top of a 
liill, or the light in a light-house, or such like, whose height is 130 feet, first 
conies into the view of an eye qp hoard a ship, the table shows that the distance 
of the ship from it is 14 miles, if the eye is at the surface of the water; but if 
the height of the eye in the ship is 80 feet, then the distance will be increased 
by nearly 11 miles, making in all about 25 miles in distance. ^ 

Thirdly. Suppose a spring on one side of a hill, and a house on an oppo- 
site hill, with a valley between them, that the spring seen from the house, 
appears by a levelling instrument on a level with the foundation of the house, 
which suppose is at a mile distance from it ; then is the spring eight inches above 
the true level of the house ; and this difference would be barely sufficient for 
the water to be brought in pipes from the spring to the house, the pipes being 
laid all the way in the ground. 

Fourthly. If the height or distance exceed the limits of the table, then 
first, if the distance be given, divide it by 2, or by 3, or by 4, &c. till the 
quotient comes within the distances in the table; then take out the height 
answering to the quotient, and multiply it by the square of the divisor, that is, 
by 4 or 9, or 16, &c. for the height required. Thus if the top of a hill is just 
seen at the distance of 40 miles, then 40, divided by 4, gives 10, to which in the 
table answer 66J feet, which being multiplied by 16, the square of 4 gives 
1061^ feet for the height of the hill. But when the height is given, divide it 
by one of those square numbers, 4, 9, 16, 25, &c. till the quotient come within 
the limits of the table, and multiply the quotient by the square root of the 
divisor, that is, by 2, or 3, or 4, or b, &c. for the distance sought ; so when the 
top of the Peak of Teneriffe, said to be about 3 miles, or 15,840 feet high, just 
comes into view at sea, divide 15,840 by 225 or the square of 15, and the 
quotient is 70 nearly; to which in the table answers by proportion nearly 10'| 
miles ; then multiply 102 by 15 ^ gives 154 miles, and ; for the distance of the 
hill. 

In what has been already stated, no regard has been paid to the effect of 
refraction in elevating the apparent places of objects. But as the operation of 
refraction incurvating the rays of light proceeding from objects near the hori- 
zon is considerable, it can by no means be neglected, when Jhe difference 
between the true and apparent level is estimated at considerable distances. It 
is now ascertained, that for horizontal refractions the radius of curvature of the 
curve of refraction is about 7 times the radius of the earth ; in consequence of 
which, the distance at which an object can be seen by refraction, is, to the dis- 
tance at which it could be seen without refraction, nearly as 14 to 13; the 
refraction augmenting the distance at which an object can ^be seen by about a 
thirteenth of itself. By reason of this refraction too, it happen^ that it is neces- 
sary to diminish by ^ of itself, the height of the apparent above the true levjl, 
as given in the preceding table of reductions. Thus, at lOOOyiJrds, thq^rue 
difference of level, when the allowance is made for the effect of refraction, will be 
2.570 — .367=2.203 inches. At two miles it would be 32 — 41=27; inches, 
and so on. 

, A very simple, portable, and easily cqpstructed instrument for ascertaining the 
elevations of distant objects, was inserted in the Register of Arts ; and as con- 
nected with tl^ foregoing subject, we annex an engraving*of«t, (p. 82.) A B, B C, 
two equal pieces of wood turning on a screw at B ; e df a slip of parchment or 
pape»pa^ed to the legs A B, B C, and folding between them when closed, after 
tjje similitude of a fan. Let thj outer part djf be nwde tlie quadrant*fif a 
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circle to radius e d, and let it be divided into 90 degrees ; ej g a plumb line 
fallii^ from tbe centre C hh, two sights. If through hh the top of any object 


B 




be observed, the plumb-line ej g will cut off the number of degrees jf, con- 
tained by the angle of elevation. The proof is very evident. Let A I m be the 
horizontal line, to which ej g will always fall perpendicular; and since I e?n is 
a right angled triangle, {Euclid vi. 8.) L fig. =Lel7n = Lof elevation. The 
instrument may be closed eis N, and carried in the pocket. 

LEVELLING STAVES, or poles, are those employed in levelling, serving 
to carry the marks to be observed, and at the same time to measure the height 
of those marks from the ground. They usually consist of two mahogany staves, 
10 feet long, in two parts, that slide upon one another to about 5 1 feet, for the 
greater convenience of carriage. They are divided into 1000 equal parts, and 
numbered at'Svery tenth division by 10, 20, 30, &c. up to 1000 ; and on one side 
the feet and inches are also sometimes marked. A vane slides up and down 
upon each set of these staves, whi^h, by the pressure of springs, will remain 
stationary at any part. The vanes are about 10 inches long, and 4 inches 
broad ; the breadth is first divided into three equal parts, the two extremes are 
painted white, the middle space divided again into three equal parts, which are 
less ; the middle vulfe of them is also painted white, and the two other parts 
black ; and thus they are suited to all common distances. These vanes have 
ealh a brass wire across a small square hole in the centre which serve to point 
out thi! height correctly, by coinciding with the horizontal wire of the telescope 
of the level. 

LEVER. One of the mechanic powers, or elements of machinery. It is 
usually defined an inflexible bar, movable round a fixed point of support,, 
dent.minated the fulcrum. There are fijree kinds of levers, distinguished by 
the relative positions ^f.the power, weight, and fulcrum. In levqrs of the first 
kind, the weight ip applied at one end, the power that is to move it, at the 
otfeer, and the fulcrum between them. In Fig. 1, on the next pa^, wliich 
represents a lever of th^ kind, W is the weighty? the power, and F the fulcrunf 


while the distances F W and F P 
represent the arms of the lever. 
Fig. 2 is an example of a lever of 
the second kind, in which the ful- 
crum F is at one end, the power P 
at the other, and the weight W be- 
tween them ; the arms of the lever 
are represented by the same letters 
as before, F W, and F P. The third 
•kind of lever, ^as its fulcrum F at 
one end, the weight W at the other, 
anti the power P between then?, as in 
Fig. 3. 

The relation between the power 
and weight is exceedingly simple. 
Thus, if the forces applied to a straight 
lever, are weights acting on it per- 
pendicularly to the horizon, the pro- 
portion which the power bears to the 
weight, will be as the distance of the 
weight from the fulcrum is to the 
distance of the power from the same 
point, that is, the power and weight 
are inversely as their distances from 
the fulcrum. A general proposition, 
however, applicable alike to straight 
and bent levers, and to forces in any 
direction, may be thus stated. The 
power and resistance acting on a lever 
are inversely proportional to the per- 
pendicular lines drawn from the ful- 
crum to the lines of direction in which 
the forces act. To render the Jaws 
connected with this useful instrument 
as plain as possible, we shall con- 
sider the different cases separately. 
In Fig. 4, a b c represents a lever 
whose fulcrum is at b, the power is 
to -the weight as the shorter arm a b 
is to the longer be. For if the lever 
be put into motion, the power will 
describe the arc c d, and the weight, 
the arc a e, which represent the 
velocity with which the bodies move. 
Now as these arcs are proportional 
to the length of the arms, if we mul- 
tiply them by quantities which are 
inversely as the lengths of the arms, 
we shall produce equal quantities. 
Now the lever will remain at rest 
when the momenta of its arms in 
opposite directions are equal, and 
this will occur, as we have shown, 
when the power and weight are in- 
versely proportional to the lengths ■rf 
the arms. If the arms are as 1 to 2, 
as in Fig.%, a power of 50 lb. will 
cminterbalance a resistance of 1 00 lb. 
The Ame will appear in a lever of 
th* second and third kinds. IvtFig. 6, 
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let the longer arm ah he 12 feet, and the shorter a c, 2 feet, then will the 
powar he to the weight as 2 to 12 ; that is, a power of 50 will balance a \^ight 

300 lb. If the weight 300 be multiplied by the arm a c = 2, it will give a 
prgduct of 600, the same as the 50 lb. multiplied by the arm ab = 1 2. This 
IS Sonstantly the case, that the power multiplied by its perpendicular distance, 
frqpi the fulcrum is equal to the weight multiplied by its distance from the 
same point. In le'vers of the third kind, in which the power is nearer to the 
fulcrum than the weight is, a loss of power is sustained, but this is amply com- 
pensated in the increased velocity that is obtained. In this, as in the other 
levers, is clearly evidenced that important truth in Mechanici^ that in every, 
case in which power is increased velocity must be diminished. 

In levers of the first kind, the pressure on the* fulcrum is equal to the sui# of 
the forces acting upon it, and in the second and third, to the difference between 
them. Sometimes a number of 

forces may be ajplied at once, , 

as in Fig. 7. In this case, equi- a S a r zf 9 

librium will obtain, when the 
products formed by multiplying 


^ V 


prouucts lormeu uy muuipiymg r-., I , 

each weight by its distance from £ \ I 1 > 

the fulcrum, are equal on each 
side. When a series of levers are made to act on each other, they constitute a 
compound lever, as in Fig. 8. The power obtained by this lever is calculated 

Fig. 8 . 



in the same way as the simple lever. Suppose each of the longer arms to he 
twice as long as the shorter ones, then a weight of 10 lb. suspended tofg, will 
counterbalance 20 lb. suspended to ef. If, instead of suspending a weight to 
the arm e fj \t be made to act with its force of 201b. on the ariii e d, it wdll 
support a resistance of 40 lb. at e, this 40 lb. acting on 6 c will sustain 80 lb. sus- 
pended to a. Hence it appears that in levers of this description, the power is to 
the weight or resistance, as the continued product of the shorter arms is to the 
continued product of the longer. Th« applications of the levers are exceedingly 
numerous. Levers of the first kind may be seen in the use of a poker in 
stirring the fire — in balances and steely'ards — in scissors and snuffers, in which 
the rivet forms the fulcrum. A 
crow bar may be fised either as a 
lever of the first or second kind, 
as Jh The accofhpanying sketches. 

The Kilt or angular lever may be 
seen in the action of a hammer in 
'drawing a nail, jR^. 10. The handle 
of the hafnmer being the longer 
arm,*and the distance from the nail 
to the point onjwhich *h« hammer 
rests, the shorter a»m. Levers of 
the second kind may be seen in a 
pair 6f bellows— in oa» used in 
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rowing boat^, in the milder of a 
ship, lyjtcrackers, &c. The safety- 
valves of steam engines are some- 
times levers of the second kind. 

In Fig. 12, 6 is the power applied 
at different distances along the 
arm a b, the steam endeavouring to 
escape from the boiler is the resis- 
tance acting at c. It will easily be 
apprehended th*t the greater the f>— jj — • 
distance between a and b, the ■ — 

greater will be the compressiig 
force on the steam. Levers of the 
third kind may be seen in the 
human arm, a pair of tongs, shears 
for sheepsheering. Other exam- 
ples might be given, but to those 
who have considered the instances already adduced, they will be sufficiently 
obvious. 

LEVIGATION. The art of reducing bard bodies to an impalpable powder; 
it is performed by pounding, mbbing, or grmding ; or by a combination of these 
operations. 

LEVITY, in Natural Philosophy, is that supposed property of a body by 
which it is said to be less weighty than another body, bulk for bulk ; levity in 
this sense is the opposite to gravity. Thus cork, and all those substances that float 
on the surface of the water, have levity with respect to the water ; or in other 
words, they are less heavy than that fluid. 

LEYDEN PHIAL, in Electricity, is a glass phial or jar, coated within 
side and without with tin foil, or some other conducting substance, so as to 
be capable of receiving and retaining an electric charge for the purpose of 
experiments. 

LIGHT is that principle or substance which renders objects perceptible to 
our sense of seeing. It is a subject apparently but little understood, and upon 
which opinions are as much divided as any of the most abstruse subjects of 
philosophical inquiry. Some consider light as a fluid material ; others regard 
it as a “ vibration propagated from the luminous body through a subtile ethereal 
medium,” &c. The limits and design of this work equally preclude the 
insertion of an extended article on the various hypothesis that have been pro- 
mulgated on this interesting subject. See Optics. 

LIGHTER. A large, open, flat-bottomed vessel, employed to unload or 
tighten a ship, and to convey the goods therefrom to their destination ; espe- 
cially when there is not sufficient depth of water for the shjji to proceed 
farther. 

LIGHT-ROOM. A small room in a ship of war, having double glazed win- 
dows, through which light is admitted into*the powder magazine. 

LIGHTHOUSE. A tower or other lofty building erected upon some head- 
land or rock of the sea-coast, the upper part of which is brilliantly illuminated 
during the night-time to guide ships in their course, or, warn them of con- 
tiguous danger. The fire-beacons or towers used for thi? purpose by the 
ancients were dedicated to the gods, and sacrifices were regularly offered up to 
implore safety to the mariners. As a knowledge of the scieifces incr^sed, 
they became establishments for the instruction of youth in navigation and 
astronomy. We have only very imperfect accounts of the construction of 
these buildings, but they appear to have consisted of a large tower of masonry, ' 
» sometimes of a circular form, but iqpre commonly square, finished on the top 
with a battlement, and containing various apartments. The fire was kept^n a 
large and pasuliar kind of chafing dish. To the early navigators the frequent 
recurrence of these buildings was absolutely needful, as they were destitute of 
the Compass or any other guide, and were under the necessity of keeping near 
•the j[iore, and were consequent^' in great danger from*ocks and shoals. *fhese 
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towers also formed a considerable part of the fortifications of the early ages ; 
an^ before the invention of making distant signals, the watchmen were fur- 
jiiished with large sea-conchs, which they sounded from the battlements to warn 
the mariners, or to alarm the country in the case of an enemy. These fire- 
tewers, which were once thickly scattered along the shores of the Mediter- 
ranean and the Red Seas, became, in time, scenes of the most horrid outrages ; 
thus perverted from their original beneficial uses to the most baneful purposes, 
they were more dreaded than the dangers of the navigation ; consequently they 
fell into disuse and decay, and gradually disappeared. 

The most extraordinary of ancient structures of this kind < as the Pharos of 
Alexandria, built on a small island at the mouth of the Nile, whence the word 
pharos has since been considered as synonymous with lighthouse. If was 
erected by Sostrates with such great magnificence, that it is said to have 
cost Ptolemy Philadelphius eight hundred talents of gold. It had several stories 
raised one above another, adorned with columns, balhistrades, and galleries, of 
the finest marble and workmanship. On tbe top a fire was kept constantly 
burning, wbicb, according to Josepbus, was seen at the distance of 300 stadia, 
or about 42 English miles. The famous Colossus of Rhodes served also as 
a pharos. The buildings which have in modern times replaced these ancient 
structures on the shores of the Mediterranean, &c., are far inferior to those of 
our own country ; and as our limits will not allow of an extended view of the 
latter, we shall confine our account to the three most remarkable lighthouses on 
the British and Irish coasts ; namely, that on the Eddystone, that on the Bell, 
and that on the South rocks. 

The Eddystone lighthouse is situated at the entrance of Plymouth Sound, 
upon an extensive reef of rocks well known to mariners as the Eddy-stone 
(a name sufficiently significant of its dangers), lying at the distance of 91 miles 
from the Ram-head or nearest point of land. The many fatal accidents which 
happened on these rocks, rendered it very desirable to erect a lighthouse on the 
spot ; but the numerous and apparently insurmountable difficulties of such an 
undertaking prevented the attempt till the year 1696, when Mr. Winstanley 
undertook and accomplished this important object, though it was the work of 
four years. A violent storm, however, in 1703, destroyed every vestige of it, 
except some irons that were fastened in the rock. It was rebuilt in an improved 
form by John Rudyerd, a linen draper of Ludgate Hill, London. This budding 
was of wood, in form the frustrum of a cone ; it was formed of 71 upright 
beams, united together by being bolted to circular kirbs of wood placed within 
side, and upon which the floors were framed. Mr. Rudyerd made bis building 
quite plain, without the least projection or ornament on which the water could 
act when dashing against it. The building was fitted up quite solid for 19 feet 
from the lowest point of the rock, and, excepting the well for the stair-case, was 
solid to the Ijgight of 37 feet. The solid was formed of three beds of moor- 
stone, with strong floorings of timber between each bed, to unite them with the 
external uprights. The whole erection, in addition to the weight of this stone, 
(which was about 280 tons,) was seAired to the rock by 36 iron cramps. In the 
centre of the building a strong mast was erected, secured by 2 cramps to the 
rock at the bottom, and rising above the solid to the height of 48 feet, being 
united to the framing of each floor it passed through, and thus forming a cen- 
tral axis to strengthen the whole. This building had some repairs of its timbers 
in 1723, and again in 1744; but it showed itself, during the bufietings of the 
sea, ^r 49 yedrs, to be of a very excellent construction. It was destroyed by 
fire in 'l 755. In 1756 Mr. Smeaton was employed to rebuild it. From the 
great uncertainty of the weather, every stone was so contrived that it was of itself 
‘in a condition to resist the wash of the sea, even when it was immediately kid. 
Each ston'e had one or two holes drilled through it before it left the work yard; <• 
andlhis hole being continued a few inches into the rock, or the stone beneath, 
a strong tree-nail was driven through it to pin it fast to its place: devetails were 
also cut in the ec^es of each stone to connect them by oaken wedges, which 
secured the joinings whilst the mortar or cement was hardening ; and tis a 
furthft precaution against the latter being ejected by the weather, aH th# 
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outsides of them were coated with plaster of Paris. The worli went rapidly on in 
this manner, and the second course was nearly set in a few days ; but a gale 
sprangiip, which obliged the operators to quit the work, leaving a few stones oftthe 
second course lowered down into their places, and chained strongly to the rock ;• 
and one of the most exposed was secured by laying upon it five cwt. of lead. 
A storm came on, and it was afterwards found that this weight had been lifted 
by the waves, so that the stone beneath it had escaped and, was lost, as 
four others ; from which circumstance the force of the sea on the rock may be 
conceived. The light-room was prepared in London ; it consisted of eight cast- 
iron pillars for containing copper sash-frames for eighteen panes of glass each, 
with a cupola of*wrought-iron and copper, terminating with a large gilded ball. 
The light consisted of twenty-four large tallow candles, suspended in a chande- 
lier, %nd the first light was exhiSted .on the 16th of October, 1759, which has 
been continued ever since without any particular occurrence, or any accident 
produced by the many violent storms which have happened. In the year 1 807 
the chandeliers and the candles were removed, and in their place a reflector 
frame was fitted up with Argand burners and parabolic reflectors of silvered 
copper, to the great and essential improvement of the light. See Smeaton’a 
Narrative, ^c. of the Eddystone Lighthouse. 

We now proceed to a brief account of the Bell-rock lighthouse, which, like 
its model, the Eddystone lighthouse, has figured in a thousand periodical pub- 
lications, and will therefore not require the accompaniment of illustrations in 
our work. The Bell-rock is a dangerous reef, situated in the Firth of Forth, 
and the lighthouse upon it is of recent date. Various expedients have been 
resorted to at difierent times to warn the mariner of his approach to this rock, 
which is the more dangerous, as it is 12 feet below the surface at high-water. 
None of these, however, could be rendered durable; and though the necessity 
of a lighthouse was acknowledged on all hands, the difficulties and expenses 
attending such a work 'prevented the undertaking till the year 1 806, when it 
was finally determined to erect a building of stone similar to that on the Eddy- 
stone rock. The work was begun in the year 1807 by erecting a building of 
timber as a temporary refuge for the workmen, which occupied the whole of 
the first season, as it was only for two or three hours each tide that the work- 
men could proceed. The winter was spent in preparing the stones ashore at 
Arbroath, and in the following summer four courses of stories were completed. 
In 1809 the solid part of the lighthouse was finished, being about 30 feet high. 
By September in the next year, the building was raised to its height of 100 
feet, and a light was exhibited in February, 1811. The building is a circular 
tower, measuring 42 feet in diameter at the base, and 13 feet in diameter at the 
top. 'The ascent from the rock to the top of the solid, or lowest 30 feet, is accom- 
plished by a trap ladder ; but strangers who cannot well ascend by such paths, 
are hoisted up in a chair by means of a crane. The light-room is 88 feet above 
the medium level of the tide, yet the sprays of the sea occasional!# lash against 
the glass, so that it becomes necessary in gales of wind to shut the whole of the 
dead-lights to windward. The light-room is of an octagonal figure, 12 feet 
across, and 15 feet in height. The light is from oil, with Argand burners placed 
in the focus of silver-plated reflectors. Machinery is used for tolling two large 
bells night and day during the continuance of foggy weather. Four light-keepers 
are appointed, three of whom are always at the lighthouse, ^rj^d one, in his turn, 
is ashore at liberty. At Arbroath, a village on the coast about 12 miles distant 
from the Bell-rock, is a signal tower with an observatory, from which (cor- 
responding signals are kept up with the lighthouse. ^ 

The most remarkable lighthouse on the Irish coast is the Kilwarlin or South- 
rock lighthouse, lying off the coast of Downshire, and near the entrance of 
Loch Strangford, a station of great importance to the navigation of the Irish* 
* Channel. This lighthouse stands uj^n an extensive reef, lying about 3 miles 
from the shore. Part of the rock is at all times above the perpendicular rise of 
the tide, but^he foundation of the lighthouse is only ab'bu’t 4 or 5 feet above low 
watgr of spring tides. It was the work of the late Mr. Roghrs, engineer to^the 
^oard (S' Customs: it was founded in 1795, and measures 31 feet diameter at 
theiase, 17 feet diameter at tl# top, and its height allbut 70 feet. ** 
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LIGHTNING. Tlie explosion of the electric fluid in the atmospliere 
LIGHTNING CONDUCTORS, are pointed metallic rods fixed to the 
upger parts of buildings, to secure them from strokes of lightning. Th»y were 
^vented and proposed by Dr Franklin for this puqiose, soon after the identity 
of electricity and lightning was ascertained ; and they exhibit a very important 
and useful application of modern discoveries in this science. This ingenious 
nhUosopher having found that pointed bodies are better fitted for receiving and 
throwing off the' electric fire than such as are terminated by blunt ends or 
flat surfaces, and that metals are the readiest and best conductors, soon dis- 
covered that lightning and electricity resembled each other in this and other 
distinguishing properties ; he therefore recommended a pointed metallic rod to 
be raised some feet above the highest part of a building, and to be continued 
down into the ground, or the nearest water.® The lightning, should if ever 
come within a certain distance of this rod or wire, would be attracted by it, and 
pass through it in preference to any other part of the building, and be conveyed 
into the earth ,pr water, and there dissipated without doing any damage to the 
building. Many facts have occurred to prove the utility of this seemingly 
trifling apparatus. Some electricians have objected to the pointed termination 
of this conductor, preferring rather a blunt end, on the supposition that a 
point invites the electricity from the clouds, and attracts it a greater distance 
than a blunt conductor. 

Although the application of lightning conductors to buddings on shore is 
always judicious, and their advantages very apparent, yet on ship-board, where 
the effects of lightning are most to be dreaded, the introduction of this means 
of defence has been slow and imperfect. The conductor hitherto employed at 
sea consists of long flexible chains or links of metal, about a quarter of an inch 
thick, sometimes of iron ; those employed in the British navy are however of 
copper; they are usually packed in a box, and are intended to be set up from 
the mast-head to the sea when occasions require, so that, as observed by Mr. 
Linger in his excellent work on electricity, partly from inattention, and partly 
from prejudice, they frequently remain in the ship’s hold during long and 
hazardous voyages quite unemployed ; a remark, the truth of which is but too 
frequently verified in the damage so constantly happening at sea during 
liglitning storms. The necessity of providing the best possible security against 
the effects of lightning on ship board has been long admitted ; but continuous 
and fixed metallic rods have been deemed inapplicable to ships in consequence 
of their masts (the only parts to which they can be attached) being exposed to 
chances of injury, to motion in a variety of ways, to frequent elongation and 
contraction, and to the necessity which frequently arises for removing the 
higher masts altogether and placing them on deck. It was probably from these 
causes that the small flexible chains or links above mentioned were employed. 
Such conductors, however, will probably, on examination, be found less appli- 
cable than fced continuous lines of metal, and, in every point of view, 
inefficient substitutes for them. Their great want of continuity, as well as their 
want of mass and surface, is very unfavourable to the transmission of severe 
explosions, the electric matter becoifling sensible at the points of junction, as 
is evident by the sparks which appear upon them at the time of the discharge, 
so that in some instances they have been actually disunited ; they are likewise 
objectionable as beijag liable to every species of injiuy incident to a ship's 
rigging, and muclf difficulty is experienced in keeping them in their position 
and unbroken, more especially during gales of wind, and at night, when the 
shi|) fr under kail, and when it is perhaps required, as is already observed, to 
remo^ some portion of the higher masts. It has therefore been long con- 
sidered desirable to apply, if possible, a permanent conductor, which should he 
-always in its place and ready for action ; and various attempts have been made, 
and suggestions advanced at different tim«s, to apply fixed lightning conductors * 
in slfips, as the subject, from time to time, has demanded further consideration.' 
To protect a ship eifectuslly from damage by lightning, it is essential that the 
conductor be as coatinuous and as direct as possible, from the highest poim to 
the^ sea, that it be permanently fixed in the masts throughout their whole^ 
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extent, so as to admit of the motion of one portion of the mast upon another 
and in fase of the removal of any part of the mast, together with the condu^or 
attached to it, either from accident or design, the remaining portion should still 
be perfect and equivalent to transmit an electrical discharge. To fulfil these 
conditions, Mr, W. J. Harris, of the Plymouth Institution (to whose valuahl* 
paper on this subject, contained in a recent number of Jamesons Edinhurgh 
Journal, we are indebted to the previous remarks), has recomfiiended pieces (S' 
sheet-copper, from one-eighth to one-sixteenth of an inch thick, and about two 
feet long, and varying from six inches to one inch and a half in breadth, be 
inserted into the ftiasts in two laminae, one over the other ; the butts or jninis 
of the one being covered by the central portions of the other. The lamiiuo 
should be rivetted together at th» butts, so as to form a long elastic continuous 
line ; the whole conductor to be inserted under the edges of a neat groove, 
ploughed longitudinally in the aft side of the different masts, and secured in its 
position by wrought copper nails, so as to present a fair surface. The metallic 
line thus constructed will then pass downward from the copper spindle at the 
mast-head, along the aft sides of the royal matt and top-gallant mast, being 
connected in its course with the copper about the sheeve holes. A copper 
lining in the aft side of the cap, through which the top - mast slides, 
now takes up the connexion, and continues it over the cap to the aft side of 
the top-mast, and so on as before, to the step of the mast ; here it meets a 
thick wide copper lining, turned round the step under the heel of the mast, and 
resting on a similar layer of copper fixed to the keelson. This last is connected 
with some of the keels on bolts, and with three perpendicular bolts of copper, 
of two inches diameter, which are driven into the main keel upon three trans- 
verse or horizontal bolts, brought into immediate contact with the copper 
expanded over the bottom. The laminae of copper are turned over the 
respective mast heads, and secured about an inch or more down on the oppo- 
site side ; the cap which corresponds is prepared in a somewhat simitar way, 
the copper being continued from the lining in the aft part of the round hole 
over the cap, into the fore part of the square one, where it is turned down and 
secured as before, so that when the cap is in its place the contact is complete. 
In this way we have, under all circumstances, a continuous metallic line from 
the highest point to the sea, which will transmit the electric matter directly 
through the keel, being the line of least resistance. But since the main mast 
does not step on the keelson, it will be necessary to have a metallic commu- 
nication at the step of the mast, with the perpendicular stancheon immediately 
under it, and so on to the keelson as before, or otherwise carry the conductor 
out at the sides of the vessel. 

From what has been already observed, it will be apparent that in wliatever 
position we suppose the sliding masts to be placed, whether in a state of elon- 
gation or contraction, still the line of conduction will remain perfect ; for that 
part of the conductor which necessarily remains below the cap and top when 
the sliding masts are struck, is no longer in the line of action ; consequently 
its influence need not be considered. • 

LIME. One of the primitive earths; and since the discovery by Sir II. 
Davy of its metallic base, which he denominated caleium, it is regarded by' 
chemists as the oxide of calcium ; that important substanqp commonly called 
lime being found to be a combination of calcium and o.xygen. * The nature of 
lime is proved by the phenomen,a of the combustion of calcium ; the metal 
changing into the earth with the absorption of the oxygen gas. Lihie is soly^le 
in 450 parts of water, according to Sir H. Davy, and in 700 parts according to 
other chemists. The solution is called lime water, which is limpid, but has an 
acid taste, and turns vegetable blues to green. If lime water be allowed to stand, 
% scum called the cream of lime form* on its surface ; and if this be remor cd 
another follows, till by this means the whole of the lime maybe separated fiSni 
the water. I# the lime be not skimmed, the creanr, a.*te* having acquired a 
certain thickness, precipitates and falls to the bottom. Pure lime, or calcarem s 
earth,* is tiever found native; but in combination with acids, particularly tl'e 
cSrbojpc, it exists in prodigious c^iantities. Marble, linfcstone, and chalk,^are 
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all c.irbonatas of lime ; gypsum is a sulphate of lime. Berzelius attempted to 
determine the prime equivalent of calcium, from the proportion in which it 
ccomhines with oxygen to form lime: on which Dr. Ure remarks th^ “his 
results can he regarded only as approximations, in consequence of the diffi- 
dlllties of the experiment. The prime equivalent of lime, or oxide of calcium, 
qan be determined to rigid precision by my instrument for analyzing the car- 
bonates. By this means I find that 100 parts of carbonate of lime consist of 
4'5.GO of carbonic acid -f- 56.4 lime; whence the prime equivalent proportions 
are 2.75 acid -p 3.562 base.” 

The operation called burning lime, consists in exposing niarble, limestone, 
chalk, oyster shclis, or any other carbonate of lime, for some time to a white 
heat, by which means the carbonic acid and wtter contained in these substances 
are expelled; and the earth which has the peculiar characters assigned to lime, 
is left behind in a mass which has little coherence, and is therefore easily 
reduced to povder. It is usually called quick-lime after calcination. Newly 
prepared it absorbs water with great avidity ; it will absorb one-fom-th of its 
weight of that fluid, and still remain perfectly dry. If a sufficient quantity of 
water be poured upon it, the lime falls into powder ; some of the water is con- 
verted into vapour by the disengaged caloric of that part which unites with the 
lime ; this is called the slacking of lime : if the quantity slacked be consider- 
able, and performed in a dark place, light wilt be observed as well as heat. 

The kilns for burning lime are of a great variety of forms, according to the 
kind of fuel used, and the manner in which they are to be wrought. Some 
persons affirm, that the best form of a lime-kiln is that of an egg placed upon 
its naiTOw end, having part of its broader end struck off, and its sides somewhat 
compressed towards the lower extremity ; the ground plate, or bottom of the 
kiln, being neatly an oval, with an eye or draft hole towards each end of it. It 
is supposed that two advantages are gained by this form over that of the 
spreading inverted cone (also much used). By the upper part of the kiln being 
contracted, the heat does not fly off so freely as it does in the spreading cone ; 
on the contrary, it thereby receives a degree of reverberation which adds to its 
intensity. But the other, and more valuable effect is said to be this ; when the 
cooled lime is drawn out at the bottom of the furnace, the ignited mass in the 
upper parts of it settles down freely and evenly into the central parts of the 
kiln. One of the best kilns that we are acquainted with is Heathorn’s patent 
kiln, combined with the manufacture of coke, and described under the article 
Irox. The frustrum of a cone is a form of kiln much used ; and it may be 
some advantage to hollow or arch out the upper part, which is frequently done. 
In many parts of the south of England, lime is prepared from the calcination 
of chalk in kilns sunk in the earth, of the form of inverted cones, and lined 
with brick ; the base of the cone is about 10 feet in diameter, and about 14 feet 
deep. It isralculated that a kiln of this kind will yield 150 bushels of lime in 
24 hours. When the chalk is dry', about 5 bushels of it may be burned with 
1 bushel of coal ; but when damp, or in the winter, not more than 4 bushels by 
1 bushel cf coal. In Yorkshire, and some other places where coal is abundant, 
calcareous slate and limestone are burned in great pieces stratified with eoal ; 
in these cases the consumption of coal is equal to more than a third part of the 
lime produced. , T<he waste of fuel in this process renders it very ineligible 
where coals are dear. The saving of fuel in the use of kilns is apparent from 
the previous ,accounts, but that saving, according to Mr. Rawson, may be con- 
sidS-'bly increased by inclosing the kiln at the top, and building a chimney 
over it ; and it seems to follow that the higher that chimney is the better. 

Some lime-burners prefer peat to coal for the fuel ; but that preference has 
probably arisen from an injudicious management of coal. Mr. Dodson asserts 
pect to he more economical than coal; ^at coal, by its excessive heat, causey 
the limestone to run into solid lumps, which it never does with peat, as it keeps 
them in an open stafe and admits the air freely. That the proc«3s of burning 
goes on more slowly with coal, and does not produce half the quantity of lime. 
This inconsistency requires no comment ; nevertheless peat is a very «sef®! fuel 
for the purpose, and tm excellent substitute fq' coal where the latter is ^ardtr 
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or dearer. All kinds of lime exposed to the air recover nearly their original 
weight, except chalk lime, which, although long exposed, never recovers more 
than Jeven-eighths of its original weight. Some limestones, as Portland-sftne, 
yield a very white lime ; others, as chalk and roe-stone, a lime with a yellowislT 
cast ; the latter is best adapted for mixing with tarras, puzzolano, or Parkei ’s 
cement, for buildings under water. It has long been said by lime-burners, that 
if limestone be imperfectly burned in the first instance, no further exposure *f 
it to the fire will produce quick-lim.e. This assertion, which it was supposed 
was the offspring of ignorance, has been confirmed by M. Vicat, in a valuable 
treatise lately pyiblished by him on mortar and cements. Such lime, which is 
technically termed dead lime, does not slake with water, but upon being ground 
and,made into a paste with wa^r, differs from common mortar by setting tmder 
water. 

Whiting is a fine carbonate of lime, made in some places by grinding soft 
chalk in a mill, separating the finer particles by washing them over in water, 
letting the water settle, and making up the sediment into loSves, which are 
exposed to the air to dry. There are numerous manufactories beside the river 
Thames, where whiting is thus prepared, the loaves being exposed on shelves 
in lofty sheds, which form, as it were, the vertical external walls of the buildings. 
In some places whiting is made from lime by slaking it with a little water, then 
grinding it in a mill with water, exposing the lime water to the air for some time 
to absorb the carbonic acid from the atmosphere, washing over the sediment, 
making it into loaves, and drying them. When made into small loaves it is 
called Spanish white ; and if in small drops, prepared chalk ; the crela preparata 
of the apothecaries. It is principally used as a white paint, either alone, or 
mixed with white lead ; the inferior priced white lead has a large proportion of 
whiting mixed with it. Spanish white and prepared chalk are likewise exten- 
sively used to saturate acids in liquids in various chemical and manufacturing 
operations. 

Lime with water form a paste of but little cohesion ; for common mortar is 
mixed with rough sand to give it firmness ; but the mortar for the outermost 
covering of in-door work, is mixed with hair to give it cohesion without lessen- 
ing its capability of receiving a smooth surface. As lime absorbs carbonic acid 
gas as well as water from the atmosphere, it should be made into mortar before 
it has imbibed any considerable portion of it, otherwise it will be of little value. 
It is by the absorption of carbonic acid that mortar acquires hardness, its lime 
being slowly converted again into the state of limestone ; but the hardness will 
not be perfect unless undisturbed from its commencement ; when this cir- 
cumstance is observed it soon acquires a moderate degree of hardness, but ages 
are probably required for it to attain its maximum. The silex or sand mixed 
with lime operates by hastening its crystallization. Lime, though infusible 
alone, promotes the fusion of all the other earths, and is extensively used in 
smelting iron ores ; it serves as a flux to the alumine and s,!lx which the 
ores of that metal contain. 

Marl, which is of so much value in agriculture, consists of a mixture of lime 
and clay, and it is the calcareous part of its composition to which its value 
is owing ; if the quantity of lime in it do not exceed 30 per cent, it is worth- 
less. Every good soil contains a portion of carbonate of lime, which mate- 
rially assists in retaining the moisture necessary to active vegetation. Limestone 
containing much magnesia is unfit to afford lime for the farmer’s use ; it may 
be known from good limestone by its being much longer in dissolving in aAds. 
Lime is used by the soap manufacturer to render his soda caustic : it en.lJs into 
the composition of glass, which it renders less liable to attract moisture, and 
less brittle than it would otherwise be. It is employed in the manufacture ofl 
glue to prevent its becoming flexibly by the ready absorption of moisture. It 
is used by the tanner to facilitate the removal of the hair from skins. •It is 
used by tl^ sugar refiner to absorb the acid, which. w^uld prevent the sugar 
from crystallizing. A solution of lime is employed to cleanse feathers from their 
anfrnaloil, and tender them sweet and fit for use. Acids dissolve pure fime 
witji effervescence, but heat is evolved during the solution. AVater imprftgnated 
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V. ith carbonic acid will dissolve a much larger quantity of it than before; and 
vvliei^ deprived of this acid by exposure to the air, the lime it held in solution 
is precipitated ; hence the formation of stalactites and incrustations found in 
caverns. The crystals of the solutions of lime in acids form what are called 
The beautiful spar called fluor spar, or Derbyshire spar, is a fluate of 
lime, that is, a combination of lime and the fluoric acid. Combined with 
mtfriatic acid, largb quantities of lime are held in solution by the waters of the 
ocean. Combined with sulphuric acid lime forms gypsum ; gypsum, when cal- 
cined by a moderate heat, is called plaster of Paris. Combined with the 
oxymuriatic acid, or chlorine, it forms chloride of lime, the fambus salt used in 
Bleaching, (which see.) Combined with phosphoric acid, lime forms the solid 
parts of the bones of all animals. The shells, of testaceous animals coijsist 
chiefly of carbonate of lime cemented by a small portion of animal glue ; 
white those of crustaceous animals always contain more or less of phosphate of 
lime, which approximates them to the nature of bone. 

LlMESTONfi. The native indurated carbonate of lime is usually distinguished 
by this name ; but Professor Jamieson considers it as a genus of minerals, which 
he divides into four species ; namely. Rhomb-spar, Dolomite, Limestone, and 
Arragonite ; the third species, limestone, he divides into twelve sub-species, and 
these again into several kinds. 

LIMNING. The art of painting in water colours, as practised by the 
ancients, in contradistinction to the more modem art of painting in oil. Before 
John Van Eyck (better known by the name of John of Bruges) found out the 
art of painting in oil, the painters all painted in water or fresco, on their walls, 
on wooden boards, and elsewhere. When they made use of boards, they 
usually glued a fine linen cloth over them, to prevent their opening ; then laid 
on a ground of white; lastly, they mixed up their colours with water and size, or 
with water and yolks of eggs, well beaten with the branches of a fig-tree, the 
juice whereof thus mixed with the eggs ; and with this mixture they painted 
their pictures. In limning, all pigments are suitable, except the white of lime, 
which is only used in fresco. The azure or ultramarine is always mixed with 
size or gum; and two layers of hot size are always applied to the boards, 
before the size colours are laid on ; the colours are all ground in water, and in 
working diluted rvith size water. When the piece is finished, they go over it 
with the wliite of an egg well beaten ; and then with varnish, if required. 

LINT. The scrapings from the surface of old linen cloth, forming a very 
soft absorbent material, peculiarly adapted to the dressing of wounds; for 
which purpose it is chiefly used. This material is prepared for the use of sur- 
geons, and as an article of commerce, in the following manner. Old linen, or 
such as has been worn for shirts, sheets, &c. is preferred to new cloth, on account 
of the great softness of the fibrous matter. Those pieces are selected which are 
without fractime, or nearly so, and that are 10 or 12 inches broad; these are 
washed, (or should be,) perfectly clean, and dried, and are then ready to be 
operated upon by the lint machine, wliich is generally worked by a woman. 
Tiiis machine consists of a steel knife blade with par^lel sides, the edge of 
which is blunt or dull, but perfectly straight ; this knife is fixed in a horizontal 
position in a frame, which is made to reciprocate up and down, by means of a 
treadle or pedal. AVljen this pedal is pressed upon by the foot of the workwoman, 

, it causes the blade”^ to descend vertically with its edge across a board or little 
table, covered with smooth leather, whereon the linen is placed ; and on taking 
the pi^sure oIT the pedal, the knife is lifted from the work by the agency of 
springs. The linen is rolled very evenly upon a cylindrical stick, with the weft 
in the direction of the stick ; and consequently with the warp threads of the 
Vioth rolled round it. A few inches of the cloth being uncoiled, and a few 
threads of the weft pulled off at the end, Iqpving as it were a fringe of the warp • 
projcl-ting, the roller is held steadily with both hands by the operator, who 
begins by placing the (fnd of the cloth in such a position upon the work board, 

* that when, by the pressure of the foot upon the pedal, the knife descends, its 
oot;B shall pass between the first and second thread of the weft, and pPess 
aerossNil! the w..rp thrca.ls ; whilst the latter i| thus held down to the tqjile, 
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the operator pulls back the stick towards her, through a space of from a quarter 
to half an inch ; the weft thread is thereby pushed further along the warp 
thread, and from the latter is scraped the lint, by their being drawn unde? the 
edge of the knife. The foot being lifted from the pedal, the knife ascends, an(? 
the operator pushes the cloth forward again to take the next thread, which, Ijy 
the pressure of the knife, and the pulling back of the cloth at the same instant, 
is moved along the threads of the warp after the first, and raising thereby m(»e 
lint. In this manner the operation is conducted, thread after thread, (almost 
as quickly as a person could count them,') until all the cloth (or all the pieces 
of cloth sewn evenly together) upon the cylindrical stick is worked off ; and 
thus is produced, when the work is dexterously performed, a continuous tender 
shee^ of thick downy lint. Sinmle as this operation may appear, it requires 
considerable practice to obtain the necessary skill and adroitness to do the work 
well, and enable the operator to get a living by it ; it is usually executed by very 
poor women, who earn only about ten shillings per week at the employment. 
The difficulty consists in making accurate movements by the hands with 
great quickness ; for if a weft thread is crossed by the knife, the work is checked 
or spoiled instead of forwarded. The editor has never met with any published 
description of this operation, but he saw it performed about 20 years ago by a 
poor old woman, and this account is sketched out from recollection. 

LIQUEURS. This name, adopted from the French, is given to a variety of 
odoriferous, fine flavoured, alcoholic liquors ; the processes of preparing which 
have been given in various parts of this work ; see Eau de Cologne, Eau de 
Luce, &c. In this place we shall insert the description of a very convenient little 




94 


LITHOGRAPHY. 


by a spirit lamp c, having several wicks. Tlie still has a tall neck, surmounted 
by a head d, surrounded by cold water in the refrigeratory e. The vapour, as 
it i/ condensed, runs down the sides of the head, and is received in a oircidar 
‘channel, formed around the upper extremity of the neck, whence it flows down 
a pipe/, through the cold water cistern, into a recipient g, fixed above a series 
of funnel-shaped filterers. Previous to commencing the process of distillation, 
tXe recipient g is provided with a sufficient quantity of syrup, (solution of white 
sugar,) to form the intended liqueur, over which the condensed spirit discharges 
itself. When all the spirit is come over, the distillation is stopped by extin- 
guishing the lamp ; the cock i is now opened, when the aromi^ic spirit and the 
syrup descend into the first of the filterers oooo. These filterers are each com- 
posed of four distinct substances or layers ; the lowest is of perforated metal, 
the next above fine flannel, over which is put two thicknesses of filtering jfhper. 
The spirit and the syrup become intimately blended in passing through these 
successive filterers, and the liquor is received in bottles underneath in a per- 
fectly bright aifd clear state. 

LITHIA. An alkali, recently discovered by M. Arfredson, a y oung chemist, 
employed in the laboratory of M. Berzelius. Sir H. Davy demonstrated by 
voltaic electricity that the basis of this alkali is a metal, to which the name of 
lithium has been given. For the mode of obtaining lithia, and an account of 
its properties, the reader is referred to lire’s Dictionary of Chemistry, as it has 
not yet been brought into use in the arts. 

LITHOGRAPHY. The art of transferring from stone, writings or drawings 
made thereon ; which is quite of modern invention. Unlike other kinds of 
printing, this is strictly chemical, and is in consequence called in Germany, 
chemical printing. A drawing is made on the stone, either with ink containing 
oleaginous matter ; or witli chalk, containing similar substances, but in a more 
concentrated and indurated state. The drawing is then washed over with water, 
which sinks into those portions of the stone that are untouched with the grease 
of the drawing. A cylindrical roller, charged with printing ink, is then passed 
all over the stone, and while the drawing receives the ink, the rest of the stone 
is preserved from it by the water on account of the greasy nature of the ink. 
This art is said to have been invented by mere accident, by Alois Senefelder, of 
Munich, w ho being an author, and too poor to publish his works, tried various 
plans, with copper-plates and compositions, with a view to becoming his own 
printer. In the course of his experiments, he found that a composition of soap, 
wax, and lamp-black, formed an excellent ink for writing with on plates ; as, 
when dry, it became firm and hard, and resisted aquafortis. He wanted facility, 
however, in writing backwards on the plates; and that he might exercise this at 
less expense, he procured some pieces of Kilheim stone, as a cheap material, on 
which, after polishing their surfaces he might practise. Having been desired by 
his mother to take a list of some linen about to be sent to be washed, and 
having no pJ^er at hand, he wrote it out on a piece of stone with his composi- 
tion. When he was afterwards about to efface his writing, it occurred to him 
that impressions might be obtained,from it; and after he had bit in the stone 
with aquafortis, diluted with ten parts of water, after letting the fluid stand five 
minutes over it, he proceeded to apply printing ink to the stone, for which pur- 
pose he first applied a printer’s ball, but after some unsuccessful trials, he made 
use of a thin pie<^ Of wood covered with fine cloth, and with this he perfectly 
succeeded in taking impressions. It appeared to him that this new mode of 
px'nting was of very considerable importance ; and he therefore, though with 
greiSidifficulties, persevered in improving it, and in attempting its application 
to practical purposes. He soon found that- it was not necessary to have the 
. letters raised above the stone ; but that the chemical properties which keep 
gre^e and water so efiectually separate from each other, were quite sufficient 
tor his purpose. He afterwards bestow^ much labour and assiduity in con- ' 
^meting the proper grefs, and other apparatus for printing. The first essays 
w’llr , publication were some pieces of music executed in 179 ? ; afterwards 
u I and writings. He still however found great difi^-ultv 

U g ackwards, qud this led him to think of the process of transfer ; an^ 
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the use of dry soap, which was found to leave permament traces which would 
give impressions, naturally led to the mode of chalk drawings. In 1799, after 
having made many improvements, Senefelder obtained a patent privileg? for 
the electorate of Bavaria. In 1803, he introduced his discovery into Vienna? 
where he obtained a similar grant for ten years. The invention spread, thou^r 
slowly, into France and Italy, hut it was not brought over to England until 
1801, when M. Andre d’Offenbach, a merchant in London, succeeded in intift- 
ducing it only to a very limited extent. While the war lasted, the employment 
of the lithographic art was chiefly confined to the quarter-master general's 
office at the I^rse Guards, where it was used for printing the plans of 
battles, and maps of the' seat of war. After the peace the art was revived, and 
there are now in England, as well as in all parts of the continent, numerous 
establishments, where it is practised with great excellence ; and it is difficult to 
say at the present time, whether the German, French, or English artists, have 
obtained the pre-eminence. We shall now proceed to explain the several pro- 
cesses of the art. • 

The Stones, and the manner in which they are prepared to receive the draivmgs . — 
The stone most used in England is found at Corstan, near Bath : it is one of 
the white lias beds, but not of so fine a grain, nor so close in texture as the 
German stone, and therefore inferior; but it is good for transfers, and does 
tolerably well for ink drawings or writings. All calcareous stones may he used 
in lithography, because they imbibe grease and moisture ; but a stone entirely 
calcareous does not answer well ; there should be a mixture of alumina and 
silex. One of the most certain indications of lithographic properties, is the 
conchoidal fracture : all stones of this kind will be found good, if they are also 
hard, have the fineness of grain, and the homogenousness of texture that are 
necessary. It is however said that none have yet been found equal to those 
obtained from the quarries of Solenhofen, near Pappenheim in Bavaria, and 
that the lithographers of eminence in Paris use no other. In order to sustain 
the pressure used in taking impressions, a stone, 1 2 inches square, ought not to 
be less than inch thick, and this thickness sliould increase with the area of 
the stone. The stones are first sawn to a proper size, and arc then ground 
smooth and level by rubbing two of them face to face, with water and 
sand. They must be very carefully examined with a straight edge, to ascertain 
that they are perfectly level in every direction. This applies only to the side 
which is afterwards to receive the drawing, as the natural division of the stone is 
sufficiently true for the back. When the stones have thus been ground perfectly 
level, they' are well washed, to free them from any of the coarser grains of sand 
which may have been used in' smoothing them. I'hey are then placed on a 
hoard over a trough, and they are again rubbed face to face with sand and 
water, but with a sand of much finer texture than that previously used. The 
greatest care must be taken to have the sand sufficiently tine ; and for this pur- 
pose it must be sifted tlirough a small close sieve, as a single graiiAf sand of a 
coarser texture than the rest will scratch the stone, and these scratches will 
afterwards appear in the impression takei» from the stone. When the stones 
have been rendered sufficiently fine, and their grain sufficiently smooth, they 
must then be carefully washed and afterwards wiped dry with a clean soft cloth. 
This is the plan adopted to prepare the stones fur chalk drawings , but to pre- 
pare them for ink drawings or writings, the following method 4s the best : — .After 
the process just described has been completed, the stones are well washed to get 
rid of the sand, and they are then rubbed to together, face to face, with pc^v- 
dored pumicestone and water. After they are made perfectly smooth, tl.vy are 
again washed and wiped dry, and are then separately polished with a large piece 
of pumicestone. . 

j’o clean the stones after they have^een fully used, sand is strewed over the 
surface, which is sprinkled with water and rubbed with another stone, untik the 
writing or djawing upon it has completely disappeared.* it must then be washed 
in aquafortis, diluted with twenty times its hulk of water; aud the stone is then 
pre^red for a new drawing or writing, by being rubbed with fine sand* or 
^mmcestone as before. The longer drawings remain q(i stones the deeper tlie 
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ink or the chalk penetrates into their substance, and consequently the more of 
the stone must be ground away to remove them ; this is also more necessary 
with ink drawings or writings than with chalk, owing to the greater fluidity 
knd consequent penetrability of the former. 

„The substances used by the artist upon the stone, are either lithographic ink, 
or lithographic chalk. The former has been described under the article Ink, 
(rrtiich see ;) hut.^ 

The Inh for making tranters should be somewhat less burned, and therefore 
softer than that used for writing or drawing directly upon the stone. 

Lithographic chalk should have all the qualities of a good drawing crayon. 
It should be even in texture, and carry a good point. The following propor- 
tions are recommended : IJ oz. of common soa^ 2 oz. tallow, oz. virgin wax, 

1 oz. shell-lac. The rest of the process is the same as in making the*ink. 
Less black should be mixed with the chalk than with the ink, its only use being to 
colour the^drawing, that the artist may see the lines he traces. When the whole 
is well mixed, it should be poured into a mould and very strongly pressed, to 
expel any air that may collect in bubbles, which would render it spongy. 

Mode of drawing. — Previous to drawing or writing, the stone must be well 
wiped with a clean, dry cloth. The ink is rubbed with water, like Indian ink, 
and is almost wholly used on the polished stone. The chalk is used only upon 
the grained stone ; the polished surface of the other would not hold it. In 
drawing with ink, a gradation of tints is obtained either by varying the thick- 
ness of the lines, or their distances from one another, as in engraving. The 
ink lines on polished stones, being solid and unbroken throughout, receive the 
printing all over; and if the lines be drawn as fine and as uniform as they are 
usually on copper, the print from them will be in no respect inferior ; but it 
requires a greater degree of skill to execute as well upon stone as is usually 
done upon copper or steel. 

In using chalk, the grained stone should be very carefully dusted, and the 
utmost attention be paid to prevent any lodgment of the smallest particle of 
greasejupon the surface ; personal cleanliness is therefore absolutely necessary 
to the perfection of his work, especially in chalk drawings. The chalk is used 
upon the stone precisely in the same manner as crayon upon paper ; but it is 
of essential advantage in lithography to finish the required strength of tint 
at once, instead of going over the work a second time, the stone being impaired 
in its ability to receive the second lining clearly, by the absorption of the 
first. Some practice is requisite to use the chalk cleverly, as there has been 
no chalk hitherto made that will keep so good a point as is desirable. There 
is likewise some difficulty experienced in obtaining the finer tints sound in the 
impression ; and in order to obtain the lighter tints properly, it will be necessary 
to put the chalk in a rest, as.the metal port crayon is too heavy to draw upon 
the stone. The editor, who sometimes practises, is in the habit, before he com- 
mences his ^Ifcject, of pointing 20 or 30 pieces of chalk, stuck in quill holders, 
and placing them beside the stone in a little box, taking them up successively 
as the points become worn off, so as, to avoid, if possible, the cutting off chalk 
during the work, which endangers the soiling of the stone. When a very sharp 
and delicate line is required, he sharpens the point of the chalk upon paper, by 
pushing it forward in an inclined position, and twirling it round at the same 
time between the«foIe-finger and thumb. As the chalk softens by the warmth 
of the hand, it is quite necessary to have several pieces, to be able to change 
thtm. Some artists cut their chalk into the wedge form, as being stronger. 
Tho^ffportions that break off in drawing should be carefully taken off the stone 
by a camel’s hair brush. 

> Preparation of the stone for printing. — The drawing being finished on the 
stone, it is sent to the lithographic printer, on whose knowledge of his art 
depends the success of the impressions, ^he first process is to etch the draw- 
ing as it is called. TJiig is done by placing the stone obliquely oj one edge, 
over a trough, and pouring over it very dilute nitric acid. It is poured on the 
upper part of the stone, and runs down all over the surface. The stonj is ilien 
turnad, and placed on t^ie opposite edge, and the etching water being collected. 
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from the trough, is again poured over it, in the same manner. The degree of 
strength, which is usually about one per cent, of acid, should be such as t» pro- 
duce a very slight effervescence ; and it is desirable to pass the etching wat^' 
two or three times over the darkest parts of the drawing, as they require more 
etching than the lighter tints. Experience alone can, however, guide the litlfo- 
grapher in this department of the art, as different stones, and different conyro- 
sitions of chalk, will be differently acted upon by the acid ; and chalk drawings 
require a weaker acid than the ink. The stone is next to be carefully washed, 
by pouring clean rain water over it, and afterwards with gum water ; and when 
not too wet, th% roller charged with printing ink is rolled over it in both direc- 
tions — sideways, and from top to bottom — till the drawing takes the ink. It is 
the# well covered over with « solution of gum Arabic in water, of about the 
consistency of oil. This is allowed to dry, and preserves the drawing from any 
alteration, as the lines cannot spread, in consequence of the pores of the stone 
being filled with the gum. After the etching, it is desirable to (pave the stone for 
a day, and not more than a week, before it is printed from. The effect of the 
etching is first to take away the alkali mixed with the chalk or ink, which 
would make the drawing liable to be affected by the water ; and secondly, to 
make the stone refuse more decidedly to take any grease. The gum assists in 
this latter purpose, and is quite essential to the perfect preparation of the sur- 
face of the stone. 

Printing . — When the intention is to print from the stone, it is placed upon 
the platten or bed of the press, and a proper sized scraper is adjusted to the 
surface of the stone. Rain water is then sprinkled over the gum on the stone, 
which, being dissolved gradually, and a wet sponge passed lightly over all, the 
printer works the ink, which is on the colour table placed beside him, with the 
roller, in all directions, until it is equally and thinly spread on the roller. The 
roller is then passed over the whole stone, care being taken that the whole draw- 
ing receives a due portion of ink ; and this must be done, by giving the roller 
an equal motion and pressure, which will of course require to be increased, if 
the drawing does not receive the ink readily. When the drawing is first used, 
it will not receive the ink so readily as it will afterwards ; and it is frequently 
necessary to wet the stone, and roll it several times, before it will take the ink 
easily. After this takes place, care must be taken not to wet the stone too 
much ; the dampness should not be more than is necessary to prevent the ink 
adhering to the stone where there is no drawing. After the drawing is thus 
rolled on, the sheet of paper is placed on the stone, and the impression taken. 
Upon taking the paper off the stone, the latter appears to be quite dry, owino- 
to the paper having absorbed the moisture on the surface ; it must therefore be 
wetted with a sponge, and again rolled with ink, the roller having been well 
worked on the colour table before being applied. During the printing, some 
gum must always remain on the stone, altliough it will not be^visible, other- 
wise the ink will be received on the stone as well as on the drawing, by which 
the latter would be spoiled ; so that if by too much wetting, or by rubbing 
too hard with the sponge, the gum is entiJely removed, some fresh gum water 
must be laid on. If the stone has in the first instance been laid by with too 
small a quantity of gum, and the ink stains the stone on being first applied to 
it, gum water must be used to damp the stone, instead of pure water. Some- 
times, however, this may arise from the printing ink being too thin, as will 
afterwards appear. If some spots on the stone take the printing ink, notwiith- 
standing the above precautions, some strong acid must be applied t,'-*them 
with a brush, and after this is washed off, a little gum water is dropped in 
the place. A steel point is here frequently necessary to take oft' the spots of ink. 
The edges of the stone are very apt to get soiled, and generally require to be’ 
washed with an old sponge after lulling in; they must also frequently have 
an application of acid and gum, and sometimes must be rubbed with pumice- 
stone. If«n ink is too thin, and formed of a varni?h*not sufficiently burned, 
it will soil the stone, notwithstanding the proper precautiotis are taken of jvet- 
tii% the stone, and preparing it properly with acid and gum ; and if, on the other 
• hand, the ink is too thick, it wii! tear the lighter tinft of the chalk frSm tfj 
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stone, and thus destroy the drawing. The consideration of these circumstances 
leads#t once to the — , 

^Principles of the Printing . — The accidents just mentioned arise at the extreme 
points of the scale at which the printing inks can be used, for it is evident 
thjit the only inks that can be used are those which are between these points ; 
th^ is, thicker than that which soils the stone, and, at the same time, thinner 
than that which tates up the drawing. Lithographers are sometimes unable 
to print in very hot weather, the reason of which may be deduced from the 
foregoing. Any increase of temperature will diminish the consistency of the 
printing ink ; the stone will therefore soil with an ink which <fculd be safely 
u.sed at a lower temperature ; hence a stiffer ink must be used. Now, if the 
temperature should increase so much that the stwie will soil with any ink ateall 
less thick than that which will take up the drawing, it is evident that the print- 
ing must cease till a cooler temperature can be obtained ; for as the drawing 
chalk is effected equally with the printing ink, the same ink will tear up the 
drawing at the different degrees of temperature. This, though it sometimes 
occurs, is a rare case ; but it shows that it is desirable to draw with a chalk or 
ink of less fatness in summer than in winter ; and also, that if the printing 
room is in winter artificially heated, pains should be taken to regulate the heat 
as equally as possible. 

Other Difficulties in Printing, not referoRe to the foregoing general Principle . — 
If the pressure of the scraper be too weak, the ink will not be given off to the 
paper in the impression, although the drawing has been properly charged with 
It. Defects will also appear from the scraper being notched, or not correctly 
adjusted, or from any unevenness in the leather or paper. After printing a 
considerable number of impressions, it sometimes happens that the drawing 
takes the ink in dark spots in different parts. This arises from the printing 
ink becoming too strongly united with the chalk or ink of the drawing, and if 
the printing be continued, the drawing will be spoiled. The reason of this is 
easily ascertained. The printing ink readily unites with the drawing, and 
being of a thinner consistency, it will, by repeated applications, accumulate on 
the lines of the drawing, soften them, and make them spread. In this case, it 
is necessary to stop the printing, and let the stone rest for a day or two, for the 
drawing to recover its proper degree of hardness. If the drawing should run 
smutty from any of the causes before enumerated, the following — 

Mixture for cleaning the Drawing while printing must be used. — ^Take equal 
parts of water, spirits of turpentine, and oil of olives, and shake them well 
together in a glass phial, until the mixture froths ; wet the stone, and throw 
this froth upon it, and rub it gently with a soft sponge. The printing ink 
will be dissolved, and the whole drawing will also disappear, though, on a close 
examination, it can be distinguished in faint white lines. On rolling it 
again with panting ink, the drawing will gradually re-appear, as clear as 
at first. 


Bleached Paper unfit for Lithographic Printing . — Accidents sometimes occur 
in the printing from the qualities bf the paper. If the paper have been 
made from rags which have been bleached with oxy-muriatic acid, the draw- 
ing will be incurably spoiled after thirty impressions. Chinese paper has some- 
times a strong taste of alum ; this is so fat^, as sometimes to spoU the drawing 
after the first impression. When the stone is to be laid by ^er printing, in 
ordpr that it may be used again at a future period, the drawing should be rolled 
in witll,a — 

Preserving Ink ; as the printing inks would, when dry, become so hard, 
that the drawings would not take fresh printing ink freely. The following 
is the composition of the printing ink: — Two parts of thick varnish of 
linsegd oil, four parts of tallow, one pait of Venetian turpentine, and one ' 
part of wax. These must be melted together, then four parts of lamp black, 
very carefully and graamdly mixed with it, and it must be preserved for use 
in luclose tin box. • 

Autamaphic Ink, or that which is suitable for transferring on ^o the 
stone the writings or dfawings which have been executed on paper prep,-wed * 
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for that purpose, should possess the following properties. The ink ought 
to be mellow, and somewhat thicker than that used immediately on stone ; 
so that when it is dry on the paper, it may still be sufficiently viscous to 
cause adherence to the stone by simple pressure. The following is the com- 
position. Dry soap, and white wax free from tallow, each 100 drachmj, 
mutton suet, .30 drachms, shellac and mastic, each 50 drachms, lamp black, 30 
to 35 drachms ; these materials are to be melted in the way described for litlJb- 
graphic ink. (See Ink, Lithographic.) 

Autographic Paper. — Tire operation by which a w'riting or drawing is trans- 
ferred from pa{»r to stone, not only adords the means of abridging labour, but 
also of producing the writings or drawings in the same directions in which they 
liav^ been traced; whereas, w{>en they are executed immediately on stone, 
they must be performed in a direction opposite to that which they are eventually 
to have. Thus it is necessary to draw those objects on the left, which, in the 
impression, are to be on the right hand. To acquire the art of reversing subjects 
when writing or drawing, is both difficult and tedious ; while* by the aid of 
transparent, and of autographic paper, impressions may be readily obtained in 
the same direction as that in which the writing or the drawing has been made 
In order to make a transfer on to stone of a writing, a drawing in litho 
graphic ink, or in crayons, or an impression from a copper plate, it is necessary 
1st, that the drawing or transcript should be on a thin and flexible substance, 
such as common paper ; 2d, that it should be capable of being easily detached 
from this substance, and transferred entirely on to the stone, by means of pres- 
sure. But as the ink with which a drawing is traced penetrates the paper to a 
certain depth, and adheres to it with considerable tenacity, it would be difficult 
to detach them perfectly from each other, if, between the paper and the draw- 
ing, some substance was not interposed, which, by the portion of water which 
it is capable of imbibing, should so far lessen their adhesion to each other, that 
they may be completely separated in every point. It is to effect this that the 
paper b prepared, by covering it with a size, which may be written on with 
facility, and on which the finest lines may be traced without blotting the paper. 
Various means may be found of communicating this property to paper. The fol- 
lowing preparation has always been found to succeed, and which, when the opera- 
tion is performed with the necessary precautions, admits of the finest and most 
delicate lines being perfectly transferred, without leaving the faintest trace on 
the paper. For this purpose, it is necessary to take a strong, unsized paper, 
and to spread over it a size prepared of the following materials: starch, 120, 
gum arable, 40, and alum, 21 drachms. A moderately thick paste is made with 
the starch, by means of heat ; into this paste is thrown the gum Arabic and the 
alum, which have been prenously dissolved in water, and in separate vessels. 
The whole is mixed well together, and it is applied warm to the sheets of paper, 
by means of a brush, or a large flat hair pencil. The paper may be coloured 
by adding to the size a decoction of French berries, in the proportion of ten 
drachms. After having dried this autographic paper, it is put into a press, to 
flatten the sheets, and they are made smooth by placing them, two at a time, 
on a stone, and passing them under the scraper of the lithographic press. If, 
on trying this paper, it is found to have a tendency to blot, this inconvenience 
may be remedied by nibbing it with finely-powdered sandarac. Annexed is 
another recipe, which will be found equally useful, and wh'didias the advantage 
of being applicable to thin paper, which has been sized. It requires only that 
the paper be of a firm texture ; namely, gum tragacanth, 4 drachms ; glue, 4 ; 
Spanish white, 8 ; and starch, 4 drachms. 

The tragacanth is put into a large quantity of water to dissolve, thirty-si.x 
hours before it is mixed with the other materials ; the glue is to be melted . 
• over the fire in the usual manner, impaste is made with the starch ; and after 
having, whilst warm, mixed these several ingredients, the Spanish white 5* to 
be added tc^hem, and a layer of the sizing is to be spread over the paper, as 
already described, taking care to agitate the mixture with the bmsh to the 
botS)m»of the vessel, that the Spanish white may be equally distribiSed 
•throughout the liquid. We will hereafter point out tl\j: manner in whicji it is 
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necessary to proceed, in order to transfer writings and drawings. There are 
two jmtographic processes which facilitate and abridge this kind of work when it 
is desired to copy a fac-simile, or a drawing in lines. The first of these methods 
is to trace, with autographic ink, any subject whatever, on a transparent paper, 
which is free from grease and from resin, like that which, in commerce, is 
k^own by the name of papier vegetal, and to transfer it to stone ; this paper to 
be covered with a transparent size: this operation is difficult to execute, and 
requires much address, in consequence of the great tendency which this paper 
has to cockle or wrinkle when it is wetted. Great facilities will be found from 
using tissue paper, impregnated with a fine white varnish, and Cfterwards sized 
over. In the second process, transparent leaves, formed of gelatin, or fish glue, 
are employed, and the design is traced on thein with the dry point, so js to 
make an incision ; these traces are to be filled up with autographic ink, and 
then transferred. We will describe, in their proper places, these processes, as 
well as that of transferring a lithographic or a copper-plate engraving. 

Autographic Processes . — To transfer a drawing or writing to stone, it is made 
with ink on paper, both prepared in the way we have described. A crayon 
drawing may, on an emergency, be executed autographically ; but this mode of 
procedure is too imperfect to admit of procuring, by its means, neat and 
perfect proofs ; besides, it is as expeditious to draw immediately on the stone. 

In order to write, or to draw' on autographic paper, a little of the ink of 
which we have given the composition is diluted with water, taking care to 
use only rain-water, or such as will readily dissolve soap. The solution is 
facilitated by slightly warming the water in the cup ; and the ink is dissolved 
W rubbing the end of a stick of it in the manner practised with Indian ink. 
There should be no more dissolved at a time than will be used in a day, for it 
does not re-dissolve so well, neither is the ink so good, particularly for delicate 
designs, after it has been left to dry for several days. This ink should have the 
consistence of rather thick cream, so that it may form very black lines upon 
the paper ; if these lines are brown, good impressions will not be obtained. A 
sheet of white paper is placed under the hand while writing, in order that it 
may not grease the autographic paper. 

The stone used for autography should be polished with pumice-stone, and the 
impressions will be neat in proportion as the stone is well polished. Auto- 
graphic work may be executed either cold or warm ; that is, taking the stone 
at its ordinary temperature, or making it warm by placing it near to the fire, 
or exposing it to the heat of the sun ; if the first means of warming be used, 
care must be taken that the fire be not too hot, or it will crack the atone ; the 
temperature given to it should be about that of an earthen vessel filled 
with lukewarm water. The work may be done, though less perfectly, without 
warming the stone. When the stone is thus prepared, it is fixed in the press, 
and the pap^ on which the writing is made is applied to it. The stone may be 
rubbed with a linen, slightly moistened with spirits of turpentine ; and in every 
case it is necessary that it be made perfectly clean. The turpentine is left to 
evaporate ; and from five to eight minutes before the paper is applied, it is 
wetted with a sponge and water on the reverse side to that on which the 
writing is done, so that the moisture may penetrate throughout every part. 
The water, however, must not appear on the paper when it is about to be laid 
on the stone ; bht any superabundance which may remain on it must he 
rejnoved by a pressed sponge. When the paper is brought to the proper state, 
it issijken by both hands at one of its extremities, and placed lightly and gra- 
dually upon the stone, so that there may be no plaits formed in it, and that it 
may be equally applied over its whole surface. Care must he taken so to fix 
the scraper that it may bear steadily on the autographic paper; for if it removes 
it at all it will change the place of pressure, and the lines will be doubled. 
There should be at hand five or six sheets of very even mackle paper, so that 
they may be changed‘n'hh each impression. The paper on which,the writing 
or, drawing is made being placed on the stone, it is covered with a sheet of 
mactde paper, and subjected to a shght action of the press ; then to a sjcoifd, a 
third, or even to mole, until it is believed^ that the writing is perfectly* 
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transferred, At each stroke of the press the mackle paper, which has imbibed 
moistu«e, is withdrawn, and a dry sheet substituted in its place. All ti^se 
operations require to be performed with expedition and dexterity, particularly , 
when the stone is warm. The next thing is to detach the autographic paper, 
which will be found adhering closely to the stone. To elFect this, it is well* 
wetted with a sponge, so that every part of it may be perfectly penetrated bv 
the water ; it may then be removed with facility, entirely detached from the 
writing, which will remain adhering strongly to the stone. If this operation, 
which requires niuch practice, be well performed, there will not be found the 
slightest trace oimik remaining on the paper. Should there be any lines not 
well marked on the stone, they may be retouched with a pen ; or, which is 
better with a hair pencil and ink ; but when this is done, care must be taken 
that the stone is quite dry. A part of the sizing of the paper may be found 
dissolved and adhering to the stone; this may be removed by washing or 
slightly rubbing it with a wet sponge. The stone is then prepajed with aqua- 
fortis, and the impression taken. 

Autography is not confined to the transferring of writings or drawdngs done 
with autographic ink ; by its means a transfer may be obtained from a sheet of 
ordinary printed paper, and with such exactness, that it would be impossible, 
excepting to well-practised eyes, to perceive the least difference between that 
printed in the usual way, and that which was the result of the autographic 
process. This mode is very useful when it is desired to unite oriental cha- 
racters, which might not be possessed with words, phrases, or lines composed in 
ordinary typography. In this way have been executed, in the office of the 
Count M. C. de Lasteyrie, at Paris, (from whose papers on this subject, contained 
in the JoKrnal des Connamances Umelles, and translated by the learned editor of 
the Franklin Journal, our account of this art is largely indebted,) many pieces, in 
which the French or the Latin language was intermixed with words or phrases 
in Chinese or Arabic. In the same way have also been executed typographic 
maps, in which all the details were lithographic, while the names of places 
were at first produced by typography, and afterwards by autography. This 
operation is begun by composing and arranging, in a typographic form, the 
words, the phrases, or the lines, as they ought to stand. The autographic 
paper is printed on by this form, and the words in the oriental languages are 
afterwards written in the spaces which had been left for them ; the whole is 
transferred to a stone, which is prepared for the purpose, and from which the 
impression is taken in the usual manner. The same mode is pursued in making 
geographical maps. After having printed the names on autographic paper, the 
other parts of the map, but without the names, are drawn immediately on the 
stone; and after having printed the names on white paper, the map drawn 
upon the stone, is printed on this same paper. 

Maps, or line engravings on copper, where the work is not ver^^ close, may 
be multiplied in a similar way'. For this purpose the plate of copper is covered 
over with the autographic ink, diluted to a convenient consistence. Instead of 
the autographic ink, a composition is somelimes used, made of one ounce of 
wax, one ounce of suet, and three ounces of the ink with which the ordinary 
impressions in lithography are taken. The whole is warmed and mixed well 
together, and there is a little olive oil added to the composition, if it is not 
liquid enough to spread itself over the plate ; the plate ought to be warmed as 
usual. After having taken the impression in the rolling press on a sheet pf 
autographic paper, the transfer may be immediately made on the stoncj titer 
having rubbed it with a sponge, dipped in turpentine. It is necessary to give 
three, four, or even more strokes of the press, increasing the pressure at every 
successive stroke ; tlie other processes, which we have already described, are 
likewise to be followed. It is w’ell i* wait twenty-four hours before preparing 
the stone, in order that it may be better penetrated by tbe transferring ink* it 
is then gumihed and washed, and is ready for use. lliJls process, which has 
not^et come much into use amongst lithographers, raerfts the attentiori of 
^rtists ; *for it affords the means of re-producing and multiplying geographical 
chains, and some kinds of engravings indefinitely, %o tiiat they might be 
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furnished at a quarter of their present actual value ; in fact, all those which are 
dene in lines, or those in which the shadows are boldly executed, are <capable 
f of re-producing good impressions by means of autography. The operation 
becomes extremely difficult when it is necessary to transfer fine line engrav- 
*ings ; the lines of these are so delicate, and so near to each other, that they 
^ither do not take weU on the stone, or are apt to be crushed and confounded 
together by the effect of the pressure. Much practice and address are neces- 
sary to obtain tolerable impressions ; and this part of the art requires improve- 
ment. In the office of M. de Lastejrrie, they had succeeded in transferring to 
stone a small highly-finished engraving, which had been prftlted on common 
half-sized paper. After having dry-polished a stone very perfectly, it was 
warmed, rubbed with spirits of turpentine, and‘then the engraving was appHed to 
it. This had, however, been previously dipped into water, then covered on the 
reverse side with turpentine, passed again through the water, so as to remove 
the superfluous turpentine, and then wiped with unsized paper. In this state 
the engraving, still damp with the turpentine, was applied to the stone and sub- 
mitted to pressure, when it afforded very good impressions ; the preparation 
not being applied until it had remained on the stone for twenty-four hours. 
The difficulties increase, of course, in proportion to the size of the engravings 
which it is desired to transfer to the stone. Attempts have been made to 
transfer old engravings ; they have, however, succeeded but imperfectly. It 
would be rendering an essential service to the art to discover a mode of re-pro- 
ducing old engraving by means of autography ; the undertaking presents 
difficulties, but from the attempts made, success does not seem improbable. 

Printing from two or more Stones with different Coloured Inks. — ^This is 
managed by preparing a composition of two parts of wax, one of soap, and a 
little vermilion. Melt them in a saucepan, and cast them into sticks ; this 
must be rubbed up with a little water to the thickness of cream, and applied to 
the surface of a polished stone. An impression is taken in the common way from 
a drawing, and applied to a stone prepared in this manner, and passed through the 
press, taking care to mark, by means of this impression, two points in the margin 
corresponding on each of the stones. The artist, having thus on the second stone 
an impression from the first drawing to guide him, scrapes away the parts 
which he wishes to remain white on the finished impression. The stone must 
now be etched with acid stronger than the common etching water, having one 
part of acid and twenty of water ; the whole is then washed off with turpen- 
tine : this plan is generally used in printing a middle tint from the second 
stone ; the black impression being given from the first stone, a flat transparent 
brownish tint is given from the second, and the white lights are where the paper 
is left untouched. The dots are necessary to regulate the placing of the paper 
on the corresponding parts of the two stones. 

LITMUfi See Archil. 

LIXIVIATION is the application of water to the fixed residue of bodies, for 
the purpose of extracting the saline part. 

LOCK. A secret fastening for Soors and similar things, provided with an 
arrangement of mechanism designed to prevent the introduction or successful 
operation of any instrument but that which has been made to fit it, called the 
key : there is consequently a numerous variety of kinds, qualities, and sizes. A 
good lock has justly been regarded as the masterpiece of smithery. Locks are 
of great antiquity ; according to M. Denon, they were known in Egypt more 
th^,4000 years ago, which he inferred from some sculptures on the great 
temple at Karnac, representing locks similar to those now used in that country. 
It would be difficult to trace the earliest introduction of locks into this country ; 
but there is much evidence showing that very curious and secure locks were 
mqde many centuries ago. It appears, also, from the celebrated MSS. of “ the ' 
famous earl of Glamorgan,” entitled “A Century of the Names and Scantlings of 
nwh Inventions,’’ &c. as he could “ call to mind to have tried add perfected,” 
(h's notes being lost,) that the art of lock-making was then by no means in its 
mtancy, as he refers to things as if they were then welt known whiclf we now- 
regard as important Securities to locks ; aqd some of them are commonly 


LOCKS. 


103 


considered as being of recent invention. For these reasons we think it will not be 
amiss t® introduce in this place some of the “ scantlings ” alluded to. Makkg 
some allowance for the quackery of the noble boaster, the reader, who is • 
acquainted with the construction of our modem locks, will recognise much that 
is now in use to produce similar effects. ’ 

“ 69. A way how a little triangle-screwed key, not weighing^a shilling, shal^ 
be capable and strong enough to bolt and unbolt round about a great chest, an 
hundred bolts, through fifty staples, two in each, with a direct contrary motion, 
and as many more from both sides and ends ; and, at the self-same time, shall 
fasten it to the place beyond a man’s natural strength to take it away ; and in 
one and the same turn, both locketh and openeth it.” 

“ 71k A key with a rose-tumin|^ pipe and two roses pierced through endwise 
the bit thereof, with several handsomely-contrived wards, which may hkewise 
do the same effects.” 

“71. A key perfectly square, with a screw turning within it, a.nd more con- 
ceited than any of the res^ and no heavier than the triangle-screwed key, and 
doth the same effects.” 

“ 72. An escutcheon to be placed before any of these locks with these pro- 
perties. First, the otvner, though a woman, may, with her delicate hand, .vary 
the ways of coming to open the lock ten millions of times beyond the know- 
ledge of the smith that made it, or of me who invented it. Second, if a 
stranger open it, it setteth an alarum a-going, which the stranger cannot 
stop from running out ; and besides, though none should be within hearing, yet 
it catcheth his hand as a trap doth a fox ; and though far from maiming him, 
yet it leaveth such a mark behind it as will discover him if suspected ; the 
escutcheon or lock plainly showing what money he hath taken out of the box 
to a farthing, and how many times opened since the owner had been at it.” 

“ The means of giving security to locks,” Mr. Ainger observes, “ are of two 
kinds. The first consists in numerous obstacles (commonly called wards) to the 
passage of the key, which requires, therefore, a peculiar form to evade them. 
The second consists in a number of impediments to tbe motion of the bolt ; 
those impediments being so contrived that their absolute and relative positions 
must be changed before the bolt can be withdrawn.” To these two Mr. Ainger 
might have added the “ rose- turning p^e,” and the “secret escutcheon" from the 
foregoing “scantlings,” which also constitute impediments to many modern 
locks. Means of the first class are defective, because a surreptitious instrument 
need not thread the mazes of the wards ; it escapes them by taking a path out- 
side of them to the bolt, which is unavoidably left for the passage of the 
extremity of the key. Complexity in the form of the wards, therefore, affords 
no absolute security against the determined initiated picker of locks, as he can 
take an impression of the position of the wards, and make an instrument (or 
skeleton) that will avoid most of them, and take the most direct path to the 
bolt or its guards. The guards or impediments to the motion of the bolt are 
called tumblers. A tumbler usually consists of a small lever, one end of which 
has a little projection, which latches into a notch cut into the bolt, and is kept 
down by a spring. It is therefore the business of the key, after it has passed 
the wards, to raise this tumbler out of the notch entirely before the bolt can be 
moved, the latter motion being effected by the further motion of the key against 
a curved portion of the bolt. Great exactness in the length of the bit of the 
key is therefore necessary to make these parts act properly. If the key be ton 
long, it cannot enter the curved portion, and the tumbler is not reached;, tud 
if it be too short, by only the thickness of a sheet of writing paper, the tumbler 
cannot thereby be lifted quite out of the notch, and the bolt is, in consequence, 
immovable. Sometimes the key has a step or notch which acts upon the 
'tumbler, whilst the other portion ofwhe end of the key acts upon the bqjt, 
which adds to the difficulty of false keys. A single tumbler, therefore, con- 
stitutes a eerftin degree of security, and they are usually Applied to locks of a 
meditjm quality. But as this addition to a lock increases the cost about si.v 
gence, tlfe commonest or cheapest locks have no tumbler, the holt being held 
in th^ position in which the key puts it by the pressuJe of a spring. Locks 
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are, however, made, not only without tumblers, but even without wards, for 
vairy common purposes ; and being sufficiently secure for their objects, and 

( extremely cheap, they are manufactured in immense quantities, chiefly at 
Wolverhampton. 

*■ In 1774 a great improvement in the art of lock-mating in this country was 
^ade by Barron, who took out a patent for it; it consisted in the employment 
of two or more tumblers, of the same construction as the single one before 
described, but so arranged that they must be operated upon at ditferent times, 
or altogether, and be moved through different spaces, so as to take them com- 
pletely out of their notches, and set the bolt free to be acted Vpon. The proper 
key has therefore a number of steps at the end of the bit, exactly adapted to 
move the tumblers through the required space*; and as this arrangement cdmits 
of almost endless variations, and is extremely simple in itself, very beautiful 
and secure locks have continued to be manufactured on the principle ever since 
it was brouglit before the public. The facilities of “ getting them up ’ are now 
so great at Wolverhampton and Birmingham, by the application of machinery 
for fabricating the separate parts of these (as well as other) locks, chiefly' by 
stamping, that the wholesale price of a good Barron’s patent cabinet lock does 
not exceed two shillings ; the sale of them is consequently very great. 

Although no doubt can be entertained that Barron redly invented the lock 
we have been noticing, it appears from the statements of Mr. Ainger, that the 
Egyrptian locks now in use are constructed upon the same principle as Bar- 
ron’s ; and as these modern Egyptian locks are the same as those observed 
upon the great temple at Karnac, the invention which we have beep regarding 
as our countryman’s, and of modem date, is upwards of 4000 years old. The 
bolt and a fixed part of the Egyptian lock are. as described by Mr. Ainger, 
each pierced with any number of holes, arranged in any chosen form ; those in 
the bolt and in the fixed part coinciding when the bolt is locked. These bolts 
are occupied by pins, which are contained in the fixed part, and descend into 
the bolt, so as to prevent its motion till they are removed wholly into the fixed 
part. This is effected by a key having the same number and arrangement of 
pins, and of such a length, that they elevate the ends of the pins in the lock to 
the plane of motion between the bolt and the fixed part. This key is intro- 
duced laterally through a long tube, at the end of which it acts vertically upon 
the pins, whose position therefore it is difficult to ascertain. The eame prin- 
ciple was afterwards adopted by Mr. Bramah, (who took out a patent 
for it in 1784,) but without the assistance of wards; his mode of application 
was, however, very different from the Egyptian. In the latter the security arose 
from a concealment of the number and position of the impediments ; in Mr. 
Bramah s these were discoverable on inspection, and the security depended on 
the various degrees of motion which the several impediments required before 
the bolt c^ild be moved. The office which in ordinary locks is performed by 
the extreme point of the key, is, in Bramah’s, assigned to a lever, which 
cannot approach the bolt till every part of the lock has undergone a change of 
position. The lock may be described as consisting of a common axis, on which 
six levers, crossing the face of the lock, are united as in a joint. Each of these 
rests upon a separate spring, sufficiently strong to hear its weight, or if depressed 
by a superior force, to restore it to its proper position when that force is removed. 
The levers pass through a frame by separate grooves, exactly fitted to their 
, width, but of sufficient depth to allow them a free motion in a perpendicular 
dvection. The joint or carriage of the levers, and the springs on which they 
rest, are fixed cn a circular platform, turning on a centre, and the motion of 
this platform impels the bolt in either direction hy means of a lever. The 
inviolable restraint upon this lock, by which means it is subjected only to the 
action of the key, is lodged in a thin (plate, bearing at each extremity on d 
block, and having of course a vacant space beneath, equal in height to the 
thickness of the block on which it rests. By this plate the *tnotion of the 
piactune is checked or guided in the following manner; — on the edge of tlie plate 
w 1 C faces the movement there are six notches, which receive the Ads of the 
ev rs projecting beydod the frame ; and whilf they are confined in this njanner, 
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the motion of the machine is so totally suspended as to defy every power of art 
to overcome. To understand in what manner the proper key of this loci* over- 
comes these obstacles, it must be observed that each lever has a notch on its 
extremity, and that those notches are disposed as irregularly as possible. To 
give the machine a capacity of motion, these notches must be brought parallel 
to each other, and, by a distinct but unequal pressure upon the levers, be forgied 
into a groove in a direct line with the edge of the plate, winch the notches are 
exactly fitted to receive. The least motion of the machine whilst the levers are 
in this position, will introduce the edge of the plate into the groove, which con- 
trolling the p0%er of the springs, will give liberty to the levers to move in a 
horizontal direction, as far as the space between the blocks which support the 
plaje will admit, and which is cufficient to give the machine the power of acting 
on the bolt. The key exhibits six different surfaces, against which the levers 
are progressively admitted in the operatiou of opening the lock : the irregu- 
larity of these surfaces shows the unequal and distinct degree of pressure which 
each lever requires to bring them to their proper bearings, in order to put the 
machine in motion. Hence it appears that unless the various heights of the 
surfaces expressed on the bit of the key are exactly proportioned to the several 
distances necessary to bring the notches into a straight line with each other, 
they must remain immovable. On this principle it would be a matter of great 
difficulty for any workman, however skilful, to construct a key for the lock 
when open to his inspection ; for the levers, being raised by the subjacent 
springs to an equal height in the frame, present a plane surface, and, conse- 
quently, convey no direction that can be of any use in forming a tally to the 
in-egular surface which they present when acting in subjection to the key. 
Unless therefore we can contrive a method to bring the notches in the points of 
the levers in a direct line with each other, and to retain tliem in that position 
till an exact impression of the irregular surface, which the levers will then 
exhibit, can be taken, the workman will be unable to fit a key to the lock, or 
to move the bolt. If such difficulties occur even when the lock is open to the 
inspection of a skilful workman, much more must we suppose it out of the 
power of one who has not access to the internal parts to make a false key. 
These difficulties render it necessary in making locks of this kind not to fit the 
key to the lock, but to fit the lock to the key. The key must therefoie be made 
first, and the inequalities upon the surface of the bit worked as chance or fancy 
may direct, without any reference to the lock. The key being thus completed 
and applied to the surface of the levers, will, by a genfie pressure, force them 
to unequal distances firom their common station in the frame, and sink their 
points to unequal depths into the space beneath the plate. While the levers are 
in this position, the edge of the plate will mark- the precise point at which the 
notch on each lever must be expressed. The notches being cut by this direction, 
the irregularity which appears when the levers resume their station *n the frame, 
and the inequality of the recesses on the bit of the key, will appear as a seal 
and its corresponding impression. The moving of the bolt, or other parts of 
the lock whereby it may be opened, entirely depends on the positive motion of 
the levers, &c., as any of them would, by being pushed the least degree too 
much or too little, entirely prevent the bolt from being moved or set at liberty' : 
and as the whole of the levers are restored to their situation when the bolt is 
withdrawn, the tally, or impression, is totally destroyed, and, consequently, the 
opening of the lock is left wholly dependent on chance whilst the said Hy 
is absent, as there is no rule whatever to assist in discovering the required {Posi- 
tion of each or any of the levers, or other movables, whereby the form of the 
key necessary to the opening of the lock might be ascertained. Mr. Bramah 
calculated the number of changes of position that the levers of such a lock are 
. capable of before the right one might he discovered, in the following mannei^ — 
“ Let us suppose the number of levers, sliders, or other movables, by which the 
lock is kept«hut, to consist of twelve, all of which mu^t receive a difterent 
and distinct change in their position or situation by the application of the k«y, 
and%ack of them likewise capable of receiving more or less than its due, either 
S)f which would be sufficient to prevent the intended effect ; it remains, therefore, 
V(*.. u. o • 
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to estimate the number producible, which may be thus attempted : — Let the 
denoriinations of these levers, &c be represented by twelve arithmetical, pro- 
gressionals, we find that the ultimate number of changes that may be made in 
their place or situation, is 479,001,500 ; and by adding one more to that number 
ofr levers, &c., they would then be capable of receiving a number of changes 
eqi^al to 6,227,019,500, and so on progressively, by the addition of others in 
like manner, to infinity. From this it appears that one lock, consisting of thir- 
teen of the above-mentioned levers, sliders, or other movable parts, may (by 
changing their places only, without any difference in motion or size) be made 
to require the said immense number of keys, by' which the loct could only be 
opened under all its variations.” 

Statements like the foregoing, apparently founded upon just reasoning, 
obtained for Bramah's patent an extraordinary degree of reputation, and, for 
the patentee, during many years, a very lucrative trade ; but this and other 
improvements induced a corresponding study in the art of picking, which finally 
obtained a triumph over Bramah’s invention ; and had it not been for the dis- 
covery of new means of baffling the picker’s art, by the introduction of fake 
notches, the reputation of these admirable locks would have been destroyed ; 
but, from the apparent impossibility of discovering the false from the true 
notches, or of ascertaining those which assist from those which do not assist in 
the effect the lock is now deemed inviolable ; it is manufactured very exten- 
sively, and sold at very moderate prices. 

In 1805, Mr. Stansbury, an American, came over to this country with a new 
lock, which he patented, and was very assiduous in endeavouring to get it intro- 
duced ; in which attempt, however, he met with so little encouragement, that 
it might be deemed a Mure. Nevertheless, there was sufficient originality in 
his contrivance to merit a notice in this place : the key was of the ordinary 
shape of those with a pipe, but longer and narrower in the hit, on the lower 
side of which were a number of pins projecting from its surface ; the key had 
no wards, and the lock, consequently, none; the bolt was not moved by the key 
immediately, but through the instrumentality of a revolving circular plate, 
attached to, and underneath which, was a fixed pin, that took into a notch in 
the bolt ; it was therefore the office of the key to remove the impediments to 
the motion of the revolving plate, which impediments consisted in a number of 
pins passing through it and another fixed circular plate or bridge underneath, 
the said pins being pressed through both, and made flush with the surface of 
the upper by the action of springs rivetted to the bridge. The two plates thus 
locked together were separated by the projecting pins upon the key, which, 
entering the holes in the upper plate, pressed the spring pins out of them and 
turned the plate round. The pin-holes in the circular plates were not opposite 
to the key-hole, but on one side leading towards the bolt, so that to find them 
out it was n«iessary to push the key slightly against the plate whilst turning it 
round. 

Mr.- Lawson subsequently took out a patent for a lock, the additional security 
in which consisted in the employment of a sliding curtain, which is drawn 
before the key-hole in the act of unlocking, thus rendering it impossible to 
move the bolt whilst a pick remained in the aperture. 

In 1816 a lock was invented by Mr. Kemp, of Cork, the security of which 
consisted in the adaptation of tumblers or sliders, operated upon by two, three, 
or,more small concentric tubes, of different lengths, placed inside the barrel of 
the tey. These tubes were made of such a length as to push back the pins or 
sliders that detain the bolt, to the required positions, until each one corresponds 
with the notch that is cut in it for the projecting part of the bolt. Mr. Kemp 
calls ^ invention the unim lock, from the circumstance that it unites the 
quqjjties of Barron's and Bramah’s lock^ and from the manner in which the 
combination is effected, it affords, according to the inventor, a greater degree 
ot security than eitheV of tlie former, or than both of them togethft-, supposing 
* 1 placed on the same door; and that a dishonest servant, 

w 'o (toes not possess any particular ingenuity, may be instructed by*a lock- 
smi 1 low to take the*requisite impressions qf either Barron’s or Braqjfih’s’ 
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keys, even if be could be intrusted with them only for a few minutes ; but 
tins cannot be done with the key of the union lock, as it would require the 
locksfnith to examine it himself, and to make several tools to ascertain iS dif- 
ferent dimensions, which he could not do without having it in his possession fo'J 
some considerable time, with leisure to make repeated trials. In this remark of 
Mr. Kemp’s we entirely coincide ; and it still applies to all locks hitherto made 
(1834), that the keys, when in the possession of a workman, may be ccypigd ; 
and, in many, without possession. Mr. Kemp’s invention may supply a partial 
remedy for this defect ; hut until a complete one is provided, the art of lock- 
making is impfcfect, and no locks are inviolable. 

Viewing the subject in this light, it affords the editor of this work much 
satisfaction to state, that he has^in his possession a lock, the key of which cannot 
he A>pied ; a locksmith possessing no tools by which an exactly similar one 
can be made ; and the machine by which the original one was made, is so 
arranged as to be deprived of the power of producing another like it. The lock 
is very simple, very strong, and can be very cheaply made. The cost of a com- 
plete machine to make them would be about one hundred pounds ; with that 
they might be manufactured at one-half the expense of any patent lock. The 
inventor is desirous to have the subject brought before the public under a 
patent, but want of time to devote himself to such an object at present obliges 
him to lay it aside. 

Locks have been made which required that the key should be a powerful 
magnet ; others, in which an unusual and complicated motion must be given to 
the key ; and others, in which an improper key or instrument would fire a 
pistol, or ring an alarum, as proposed by the Marquis of Worcester. 

Of all the various locks that have of late years been introduced to the notice 
of the public, Mr. Chubb’s has obtained the greatest celebrity. Although it 
possesses but small claims to novelty, it cannot be denied that it combines, in 
an eminent degree, the qualities of security, simplicity, strength, and durability ; 
and we think that the persevering and business-like manner in which the inge- 
nious inventor has contrived to fix it before the public eye, has contributed in 
no small degree to the successful “ run ” it has had. The chief characteristic 
in this lock, and that which marks it as Chubb’s, is the employment of a lever 
called a detector, which locks the bolt fast upon any of the tumblers being 
beyond its assigned range, and shows that some person has been attempting to 
imlock it by a false instrument In other respects the lock resembles Barron’s 
and Bramah’s ; and we are disposed to question its boasted superiority over 
those admirable inventions for a reason which now forces itself upon our atten- 
tion. In Barron’s and Bramah's the picker has no means of knowing whether 
the tumblers are lifted too high or not ; but in Chubb’s he has only to put the 
detector kors de combat in the first instance, by a correct thrust from the out- 
side of the door (which might be accurately measured) so as iojix it fast in its 
place; the detector then becomes a stopper to the undue ascent ^f the tum- 
blers, and the extent of their range is thereby correctly ascertained : thus it 
appears to us, the detector might be convested into a director of the means of 
opening the lock. 

In 1829 Mr. Gottlieb took out a patent for improvements in locks, which 
consisted in the application of a piece of paper over the key-hole, so secured as 
to prevent its being removed without the introduction of a key passing through 
it ; and hence any attempt to break open the lock would be indicated by the 
fracture of the paper. The paper is introduced and secured by means 2 f*a 
folding shield with a hole in it, similar to the key-hole, in a lock plate ; this smeld 
is kept doivn by aspring catch, which cannot be disengaged for the introduction 
of a fresh piece of paper, except by the proper key, which is furnished with a 
projecting stud on the side of Uie ke^stem, for the purpose of disengaging the 
shield catch when turned. As a source of further security, the patentee pro- 
poses to en^loy checque-paper, with some design engraved upon it; and by 
having this paper bound in a checque-boofc, and a leaf torn off when required, 
so that t)ie paper found in the key-hole at any time being compared with !he 
•edge of the leaf in the book, the substitution of another paper wou’id he 
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discovered. There are few cases in which this plan can be advantageously 
empjpyed. 

^ Messrs. Carpenter and Young, of Willenhall, in Staffordshire, had a patent 
in 1830 for improvements in locks. Their object appears, from the specification, 
tc be the production of locks of greater security and stability than the common 
locks without augmenting the cost ; and also to construct a latch-lock, some- 
what more convenient in use. The greater degree of security is obtained by 
having a double set of tumblers, one set attached to, and movable with, the 
bolt, and the other attached to the plate of the lock in the usual way. Pro- 
jections from the stationary tumblers fit into shts in the movfble ones, when 
they are simultaneously elevated to a given position ; and in addition to this, 
there are notches cut in the upper and lower si^es of the movable tumblers, to 
fit fixed pins projecting from the plate, just above the notches on the upper 
side, and just below those of the under side when the door is locked, so that 
the bolt cannot be withdrawn except by a key, which raises each tumbler to an 
elevation coinciding precisely with the cuts in the original key, and upon this 
depends the security. Instead of the usual latch or spring bolt to room-door 
locks, the patentees cause this part to drop into a notch in the striking plate 
after it has been elevated by passing over an inclined plane upon it. In con- 
nexion with this latch is a tumbler, by which it is elevated through the instru- 
mentality of a key, by a handle on one side of the door and a key on the other, 
or by the key, without using the handle. These contrivances have manifest 
advantages, and are easily executed by any locksmith. ^ 

The application of an inviolable lock to boxes sent by mails or other convey- 
ance, containing money or other valuable property, that can be opened only at 
stated times, is, of course, an object of desirable attainment in a commercial 
country like this. For effecting this object a patent was taken out in November, 
1831, by William Rutherford, jun. of Jedburgh, in Scotland. This gentleman 
being a bank agent, had no doubt sensibly felt the importance of having the 
means of transmitting, from one town to another, bankers’ parcels with perfect 
safety. With this view he introduces against the end of the bolt a circular 
stop-plate, to prevent the withdrawal of the bolt till the circular plate, which is 
put in rotation by clock-work, shall have revolved so as to bring a notch oppo- 
site the end of the bolt. Now as this notch can be set at pleasure to any 
required distance from the end of the boll, the lock may be secured against 
being opened by its own or any other key, till any assigned number of hours 
after it has been locked ; and as the rate of travelling is known, the box can 
be secured from robbery till it shall have reached its destination. When this 
fastening is used for portable boxes or packages, it must be put in motion, and 
its motion regulated by springs ; but when it is to be applied to closets or safes, 
the most simple mode of giving motion will be by a descending weight, and of 
regulation ^y a pendulum ; the actuating weight may then be made to rest 
upon, and disengage a locking bar in connexion with the bolt of the lock, at 
any assigned number of hours after the fastening has been effected. In this 
case all that is necessary is to cause ^he weight to descend down a vertical scale, 
divided into hours, and to raise it to any assigned number when the door is 
locked. A still farther security is obtained by the locking-bar itself being pre- 
vented from being disengaged by any pressure, e.xcept by the descent of the 
weiglit, which is made to come, in its descent, into contact with an inclined pro- 
jqctmn from the lower end of the hour-scale, sending it back and disengaging 
'the4ocking-bar from a notch therein. 

W’e might extend our descriptive account of locks to numerous others, con- 
taining arrangements of parts differing from the foregoing, and each possessing 
a certain degree of merit, as respects one or more of the necessary qualifica- 
tiogs of a lock ; but the detail woidd be eminteresting and profitless ; we shall, 
therefore here close our account of locks extraordinary, by giving the reader a 
summary of those in general use, of which there are full a hundred times as 
myny as of the former. Indeed, by far the greater number of locks in use are 
not required as a security against the dexterous thief, but principally a»a cfneck 
upon the intrusive curidsity and meddling of children and servants ; and of the 
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numerous tribe of petty pilferers, there are few who have sufficient knowledge of 
the nature of common locks to succeed in, or who are daring enough to attempt 
the piiking of them. We have already noticed, at page 104, that a vast quantity 
of locks are made without any wards or other securities whatever, but the bolt^ 
and these having been stamped with the public approbation, (to our own know- 
ledge for nearly half a century,) what need is there to give two guineas, or tW(T 
shillings for a lock, when a satisfactory one can be obtained for two-penc%? 
Us^id trunk locks are indeed manufactured by thousands of grosses, at a 
wholesale price not exceeding one penny each ! They are chiefly the product 
of the stampingipress ; but the malleable-cast-iron-founder is not behind-hand 
in demonstrating the power of his art in this manufacture. The technical term 
for wards, in the lock-trade, is wheels; thus, they are successively demonstrated 
according to this point of their quality, 1 wheel, 2 wheels, 3 wheels, 4 wheels ; and 
to these terms there is a prefixture called plain, which means, no wards at all. 
The wards are simply short pieces of thin plate iron, rivetted on the upper or 
lower plate, or on both plates, opposite or near to the key hole. If the wards 
are of a better quality, they are dignified by a higher title, as one ward round, 
two wards round, &c. ; which is when the wards make an entire circle, or nearly so, 
of the lock. They are called L ward, or T ward, or Z ward, when the sectional form 
of the wards represents the figure of those letters. Copper wards, signify the 
employment of that metal, instead of iron, to adapt them for use in cellars, and 
other damp places. Solid wards are much used, as they are substantial and not 
dear, being readily made by casting in brass, and turning in the lathe ; and they 
laigely assist in making /anc^ locks. The term^nc, in the lock trade, has about 
the same meaning as the ordinary application of that adjective to smart persons ; 
they are a little glazed on the surface, to dazzle the eye, but are coarse enough 
underneath ; and they have two bright-headed screws, one or both of which 
are usually loose. The quality of the plates, bridges, staples, springs, bolts, 
and other parts of the interior of a lock, is made to assimilate with the quality 
of the wards, unless ordered to the contrary. 

Locks, according to their uses, may be divided into two classes, namely, 
in-door locks and out-door locks ; and of each class there are numerous kinds, 
sizes, and qualities. We will name the principal, that persons who want them 
may understand the distinctive names by which they are known in the trade. 
Commencing with the in-door class, the first kind that occupies our attention 
are those upon the front doors of houses, called draw-back locks, as the bolt, 
when not locked, is made to spring to, and has a knob for the purpose of draw- 
ing it back ; they are generally made of iron, and they are, therefore, further 
designated by tbe term iron-rim, to distinguish from those having wooden stocks, 
called spriuy-slock-locks, which are of a cheaper and less elegant kind, and are 
therefore more frequently put to back doors. For the doors of rooms, there 
are three principal kinds, distinguished by the names of mortise, brass-case, and 
iron-rhn locks. Formerly the latter kind were put on the door .•of parlours, 
and even drawing rooms ; but their unsightly appearance soon caused the 
substitution of the brass-cased locks. T^ie bright yellow metal was long a 
favourite, but ingenuity, seconded by good taste, introduced the mortise-lock ■ 
which is now rendered so cheap, that scarcely any new houses, excepting those 
for the very’ poor, are built without them. By the aid of machinery, and a 
minute division of labour, mortise-locks are made at an astoqishingly low price 
at Wolverhampton ; and the woAmanship of even the commonest kind is sub- 
stantial and durable. As room-door locks are before every body's eyes, it '*ill 
only be necessary to observe, that all such are specified in the following maflner. 
If there be only one bolt to it which the key shoots, it is called a dead-lock, or 
closet-lock ; if there be in addition a spring bolt, with a handle to open it, it is 
called a two-boll lock ; and if there be a private bolt besides, it is called a three- 
bolt lock. It is also necessary to specify the kind of handles required, {l^iobs 
or rinys, &^) ; the hand (right or left) ; tbe thickness qf^he doors ; and if plain 
wards, round wards, tumblers, patent, &c. 

¥nd#r the general term of cabinet locks, are comprehended a great variety' of 
• kinds, such as cupboard, book-case, desk, portable desk,^uble, drawer, or till, box. 
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chest, caddy, S:c. 'fTiese also partake of tliree forms, as respects the manner of 
fixing them. They are called straight, when the plate of the lock is to be 
scratved with its flat side against the wood-work ; cut, when the wood i» to be 
.jcut away to let in the lock flush with the surface ; and mortise, when a mortise 
cavity is to be made edgeways in the wood for its reception. The sizes of these 
^cks vary from 1 to 5 inches ; they are made in both iron and brass, and the 
qualities are distinguished by the terms already mentioned. 

Of the out-dodr locks, those used for gates, stables, sheds, &c. are for the 
most part wooden sfock-locics ; of these there are many qualities ; the common or 
Banhury, the bastard, the^ne, and many qualities above the latter, which would 
require too lengthened an explanation ; the internabparts beit^ made of cop- 
per, iron, and brass. There are also the D and the p gate locks, and the very 
numerous family of padlocks ; for information upon which we must refar the 
reader to his locksmith, as a volume might be filled with those and others • 
which we have necessarily omitted. 

LOG. A machine or apparatus used to measure the rate of a ship’s velocity 
through the water. For this purpose there are various inventions ; but the one 
mostly used is the following, and called the common log. It is a piece of thin 
board, forming the quadrant of a circle of about six inches radius, and balanced 
by a small plate of lead nailed on the circular part, so as to swim perpendicu- 
larly in the water, with the greater part immersed. The log line is fastened to 
the log by means of two legs, one of which is knotted through a hole at one 
corner, while the other is attached to a pin fixed in a hole at the other corner, 
so as to draw out occasionally. The log line, being divided into certain spaces, 
which are in proportion to an equal number of geographical miles, as a half or 
a quarter minute is to an hour of time, is wound upon the reel. The whole is 
employed to measure the ship's head-way in the following manner; the reel 
being held by one man, and the half minute glass by another, the mate of the 
watch fixes the pin, and throws the log over the stern, which swimming perpen- 
dicularly, feels an immediate resistance, and is considered as fixed ; the line 
being slackened over the stem to prevent the pin coming out. The knots are 
measured from a mark on the line, at the distance of 12 or 15 fathoms from the 
log ; the glass is therefore turned at the instant that the mark passes over the 
stern ; and as soon as the sand in the glass has run out, the line is stopped ; 
the w ater being then on the log, dislodges the pin, so that the board now only 
presenting its edge to the water, is easily drawn aboard. The number of knots 
and fathoms which had run off at the expiration of the glass, determines the 
ship’s velocity. The half-minute glass and divisions on the line should be 
frequently measured, to determine any variation in either of them, and make 
an allowance accordingly. If the glass runs 30 seconds, the distance between 
the knots should be 50 feet When it runs more or less, it should, therefore, be 
corrected by the following analogy ; — as 30 is to 50 so is the number of seconds 
of the glas^to the distance between the knots upon the line. The heat or 
moisture of the weather having often a considerable effect upon the glass, so 
as to make the sand nin faster or slower, it should be frequently tried by the 
vibration of a pendulum. The inventor of this simple and admirable contri- 
vance is unknown ; and no mention of it occurs till the year 1607, in an account 
of an East India voyage, published by Samuel Purchas. Since that period, the 
log has been in generd use, and many improvements have been made upon it. 

One of the mosF conspicuous of these improvements, is that invented by 
James Hookey, a midshipman in the navy, who received a honorary 
medsl from the Society of Arts for the same. ■' 

The advantages gained by Mr. Hookey’s invention are, that it gives the dis- 
tance the ship runs more correctly, as it remains more stationary in the water 
than the one generally in use ; and when required to be hauled into the ship, by 
giving it a sudden jerk, the toggle swivel# round, and disengages the line from 
the spring, in consequence of which, the log ship reverses its position, and may 
then be pulled into tHh ?hip with the greatest ease. With respecWo the h'nes, 

Ml Hookey recomtnends, that they be saturated in a composition of oil, w^ich 
makes them more buoj'ant and pliant, and prevents kinking; it likewise prevents 
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their contracting, which in a new line is about 20 feet in 50 fethoms. As many 
serious accidents are likely to occur by getting a false depth of water, in conse- 
quence of the contraction of the line attached to the lead, it becomes an olqect 
worthy of attention to prevent the possibility of such accidents taking place.* 
The log is formed like a fish. Fig. 1 represents one running out, and Fig. 2, 
the same, in the act of being pulled in ; r the toggle, t the spring ; the eye of 
the line is put on the toggle, which is then pushed under the^ spring ; the fl^ 
board t falls down, and the fish runs out. When the line is taught, a sudden 
jerk will make the toggle pass the spring and let go the line ; the fish then 
swings round, tlfe flap board t closes, and it is easily pulled in. Fig. 3 shows 
the under side ; the flap-board t is jointed to the fish by the strap of the copper 
V, which passes round a pin llll^ and this pin is held by the copper strap w ; 
the liHe is attached to the log by a loop which goes in at the mouth, and is held 
by a peg which forms the eye ; the flap-board /, if made of copper, has a piece 
of wood rivetted to it in the middle to stiffen it ; if made of wood, a slip of lead 
or copper x is rivetted on, to make it heavy enough to drop down readily when 
thrown into the water. Fig. 4 is a top view of one made thin and wide, like a 
fiat dish ; the spring t, which holds the toggle is underneath, beneath the fish 
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and the flap board <; the spring may be above or below in either case. The 
following are the instructions given for using the log-ship. The eye in the 
line is to be put over the toggle, on the tail of the fish, and when the line is all 
run out from the reel, and it becomes taught, by giving it a sudu?n jerk, the 
toggle will swivel out ; the fish will then reverse its position, float on the sur- 
face of the water, and may be hauled into the ship with the greatest ease. 
When it is necessary to shift the line at the head of the fish, knock out the peg 
that forms the eye, and the line will then disengage itself ; and in attaching 
another line, make an eye in it, and pass it into the mouth of the fish perpen- 
dicularly, through which put the peg that forms the eye, ai»d it wiU be quite 
secure. The inventor strongly recommends that all log lines, and lines to the 
lead, should be saturated for one hour in linseed and lamp oil, three-fourths %f 
the former, and one-fourth of the latter well mixed together, after which, ^ang 
them up to dry ; contraction will thus be prevented, and they will be pliable 
and buoyant. 

LOGARITHMS are series of arti^cial numbers, so arranged with reference 
to a set of natural numbers that the addition of the logarithms shall correspend 
with the mifttiplication of the natural numbers belongii^ to them ; and sub- 
traction of logarithms answers for division ; while involution, or the raising of 
povfcrs„is performed by the multiplication of logarithms ; and evolution, orthe 
• extraction of roots, hy the division of logarithms. , , 
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To illustrate this, let us take — 


For^Natural Numbers the > 
® Geometrical Series . . § 

1 

10 

100 

1000 

10000 

100000 

1000000 

^Aud for their Logarithms ) 
the Arithmetical Series ) 

e , 

0 

1 

2 

3 


5 

6 


From this it appears that the log. of 1 is 0, that of 10 is 1, of 100 is 2, &c. ■ 
that the log. of any number below 10 is a fraction, above 10 and under 100 is 1 • 
with a fraction, and between 1000 and 100, is 2 with a fraCion, and so on. 
Hence it is evident that the portion of a log. w-hich constitutes the whole number, 
and is denominated the I.vdex, is always one |fss than the numbers of figures 
for which it is the log. This general rule is so easy of application, tha the 
Indexes of Logarithms are never printed in the tables, but left to be supplied 
by the operator. 

The rule for determining the Index descetids as well as ascends, and applies 
with equal facility to numbers below and above unity; but when applied to 
numbers below unity, it must be distinguished by a negative sign thus 


NATURAL NUMBER. LOGARITHM. 

•000001 6-0000000 

•00001 5-0000000 

•0001 4-0000000 

•001 3-0000000 

•01 2-0000000 

•1 1-0000000 

1 - 0-0000000 

10 - 1-0000000 

100 2-0000000 

1000 3-0000000 

Sic. Sic. 


To furnish the means of illustrating this important subject by a few examples, 
and to give the reader an opportunity of working cases by logarithms when the 
numbers to be operated upon are not very large, we subjoin 

A TABLE OF LOGARITHMS OF NUMBERS, 

From 1 to 1000. 




Number 1 to 

100 

AND TMEIR LOGARITHMS. 



1 

-0000000 

21 

•3222193 

41 

•6127839 

61 

•7853298 

81 

•9084850 

2 

-3010300 

22 

•3424227 

42 

•6232493 

62 

•7923917 

82 

•9138139 

3 

-4771SJ3 

23 

•3617278 

43 

•6334685 

63 

■7993405 

83 

•9190781 

4 

-6020600 

24 

■3802112 

44 

•6434527 

64 

•8061800 

84 

•9242793 

5 

-6989700 

25 

■3979400 

45 

•6532125 

65 

•8129134 

85 

•9294189 

6 

•7781513 

26 

■4149733 

46 

•6627578 

66 

•819.5439 

86 

•9344985 

7 

•8450980 

27 

•4313638 

47 

•6720979 

67 

•8260748 

87 

•9395193 

8 

•9030900 

28 

•4471580 

48 

•6812412 

68 

•8325089 

88 

■9444827 

9 

•9542425 

39 

•4623980 

49 

•6901961 

69 

•8388491 

89 

■9493900 

10 

•0000000 

30 

•4771213 

50 

•0989700 

70 

•8450980 

90 

•9512425 

IW 

•0413927 

31 

•4913617 

51 

•7075702 

71 

•8512583 

91 

■9590414 

12 

•0791812 

32 

•5051500 

52 

•7160033 

72 

•8573325 

92 

•9637878 

13 

•1139434 

33 

•5185139 

53 

•7242759 

73 

•8633229 

93 

•9684829 

14 

•1461280 

34 

•5314789 

54 

•7323938 

71 

•8692317 

94 

•9731279 

15 

•1760913 

35 

■5440680 

55 

•740J627 

/a 

•8750613 

95 

•9777236 

16 

•2041200 

36 

•5563025 

56 

•7481880 

76 

•8808136 

96 

•9822712 

17 

•2304489 

37 

•^682017 

57 

■7558749 

77 

•8864907 

9» 

•9867717 

1C 

•2552725 

3§ 

•5797836 

58 

•7634280 

78 

•8920946 

98 

■9912261 

19 

^•2787536 

39 

•5910646 

59 

■7708520 

79 

•8976271 

99 

■995^52 

20 

•3010300 

40 

•6620600 

60 

•7781513 

80 

•9030900 

100 

•OOOfMOO' 


< ^ . 
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Imum 

9 

LOG. 

Inum 

'i 

LOO. 

XUM 

LOG. . 


LOG. 

M’M 

LOG. 

100 

0000000 

150 

1760913 

,200 

3010300 

i -250 

3979400 

1300 

177121^> 

101 

0013214 

151 

1789769 

i201 

3031961 

251 

3996737 

301 

47S.50tv 

102 

0086002 

152 

1818436 

202 

3053514 

! 252 

4014005 

302 

■1800069 

103 

0128372 

153 

1846914 

203 

3074960 

1 253 

4031305 

303 

181 1«26 

104 

0170333 

154 

1875207 

204 

3096302 

254 

4048337 

(304 

; 4S2S7oi3 

105 

02118£f 

155 

1903317 

205 

3117539 

255 

4065402 

305 

'4S1299S 

106 

0253059 

156 

1931246 

206 

3138672 

256 

4082400 

306 

1857214 

107 

0293838 

157 

1958997 

207 

3159703 

257 

1099331 

j307 

,4871381 

108 

0334238 

158 

1986571 

208 

3180633 

1 -258 

4116197 

1 308 

4885507 

109 

0374265 

159 

2013971 

209 

3201463 

’ 259 

4132998 

309 

1899585 

110 

0413927 

160 

2041200 

210 

3222193 

260 

41 19733 

310 

1913617 

111 

0453230 

161 

2068259 

211 

3242825 

261 

4166405. 

1311 

1927601 

112 

0492180 

162 

2095150 

212 

3263359 

262 

4183013 

; 312 

4911516 

113 

0530784 

163 

2121876 

213 

3283796 

263 

4199557 

313 

4955443 

114 

0569049 

164 

2148438 

214 

3301138 

264 

4216039 

314 

4969296 

115 

0606978 

165 

2174839 

215 

3324385 

265 

4232459 

315 

4983106 

116 

06H580 

166 

2201081 

216 

3344538 

266 

4248816 

316 

1996871 

117 

0681859 

167 

2227165 

217 

3364597 

267 

4265113 

317 

5010593 

118 

0718820 

168 

2253093 

218 

3384565 

268 

4281348 

318 

5021271 

119 

0755470 

169 

2278867 

219 

3404441 

269 

4207523 

319 

5037907 

120 

0791812 

170 

2304489 

220 

3424227 

270 

4313638 

320 

5051500 

121 

0827854 

171 

2329961 

221 

3443923 

271 

4329693 

321 

5065050 

122 

0863598 

172 

2355284 

222 

3463530 

272 

4345689 

322 

5078559 

123 

0899051 

173 

2380461 

223 

3483049 

273 

4361626 

323 

5092025 

124 

0934217 

174 

2405492 

224 

3502480 

274 

4377506 

324 

51054d0 

125 

0969100 

175 

2430380- 

225 

3521825 

275 

4393327 

325 

5118834 

126 

1003705 

176 

2455127 

226 

3541084 

276 

4409091 I 

326 

5132176 

127 

1038037 

177 

2479733 

227 

3560259 

277 

4424798 

327 

5145478 

128 

1072100 

178 

2504200 

228 

3579348 

278 

4440418 1 

32S 

5158738 

129 

1105897 

179 

2528530 

229 

3598355 

279 

4456042 I 

329 

5171959 

130 

1139434 

180 

2552725 

230 

3617278 

280 

4471580 ' 

330 

ol8ol>">9 

131 

1172713 

181 

2576786 

231 

3636120 

281 

4487063 ! 

331 

5198280 

132 

1205739 

182 

2600714 

232 

3654880 

282 

4502491 j 

332 

5211381 

133 

1238516 

183 

262 4511 

233 

3673559 

283 

45178641 

333 

5224442 

134 

1271048 

184 

2648178 

234 

3692159 

284 

4533183 

3^1 

5237405 

135 

1303338 

185 

2671717 

235 

3710679 

285 

4548449 

335 

5250 1 18 

136 

1335389 

186 

2695129 

236 

37S9120 

286 

4563660 

336 

5263393 

137 

1367206 

187 

2718416 

237 

3747483 

287 

4578819 

337 

5276299 

138 

1398791 

188 

2741578 

238 

3765770 

288 

4593925 

338 

5289167 

139 

1430148 

189 

2764618 

239 

3783979 

289 

4608978 

339 

5301997 

140 

1461280 

190 

2787536 

240 

3802112 

290 

4623980 

340 

5314789 

141 

1492191 

191 

2810334 

241 

3820170 

291 

4638930 

311 

532754 1 

142 

1522883 

192 

2833012 

242 

3838154 

292 

4653829 

342 

534S261 

143 

1553360 

193 

2855573 

243 

3856063 

293 

4668676 

343 

5352941 

144 

1583625 

194 

2878017 

244 

3873898 

294 

4683473 \ 

344 

5365581 

145 

1613680 

195 

2900346 

24* 

3891661 

295 

4698220 ; 

315 

5378191 

146 

1643529 

196 

2922561 

246 

3909351 

296 

4712917 i 

316: 

5:!9()^61 

147 

167IS173 

197 

2914662 

247 

3926970 

297 1 

‘4^27564 ' 

317 

5 103295 

148 

1702617 

198 

2966652 

218 

3944517 

•298 ! 

4712163 , 

3 is! 

5115^92 

T49* 

1731863 

199 

2988531 

1 

219 

3961993 

299; 4756712} 

319 

5 12825 1 i 

• 1 


YnL-n. 



Ill 


Logarithms of numbers. 


NUM.l 

LOG. 1 

ft ' ‘ 

NUM. 

LOG. 

NUM.j 

, 

LOG. 

'{UM. 

LOG. 

NUM. 

LOG. 

3^0 

5440680 

400 

6020600 

450 

6532125 

500 

6989700 

550 

7103627 

3el 

5453071 

401 

6031444 

451 

6541765 

501 

6998377 

551 

7411516 

352 

5465427 

402 

6042261 

452 

6551384 

502 

7007037 

552 

7419391 

35.1 

5477747 

403 

6053050 

453 

6560982 

503 

7015680 

553 

7427251 

354 

5490033 

404 

6063814 

454 

6570559 

504 

7024305 

554 

7435098 

355 

5502284 

405 

6074550 

455 

65801141 

505 

7032914 

5|5 

7442930 

356 

5514500 

406 

6085260 

456 

6589648 

506 

7041505 

5o0 

7450748 

357 

5526682 

407 

6095944 

457 

6599102 

507 

7050080 

557 

7458552 

358 

5538830 

'408 

6106602 I 

458 

6608655 

5t)8 

7058637 

558 

746634* 

359 

5550944 

409 

6117233 

459 

6618127 

509 

7067178 

559 

7474118 

360 

5563025 

410 

6127839 

460 

6627578 

510 

7075702 

560 

7481880 

361 

5575072 

411 

6138418 

461 

6637009 

511 

7084209 

561 

7489629 

362 

5587086 

412 

6148972 

462 

6646420 1 

512 

7092700 

562 

7497363 

363 

5599066 

413 

6159501 

463 

6655810 

513 

7101174 

563 

7505084 

364 

5611014 

414 

6170003 

464 

6665180 

514 

7109631 

564 

7512791 

365 

5622929 

415 

6180481 

465 

6674530 

515 

7118072 

565 

7520484 

366 

5634811 

416 

6190933 

466 

6083859 

516 

7126497 

566 

7528164 

367 

5646661 

417 

6201361 

467 

6093169 

517 

7134905 

567 

7535831 

368 

5658478 

418 

6211763 

468 

6702459 

518 

7143298 

568 

7543483 

369 

5670264 

419 

6222140 

469 

6711728 

519 

7151674 

569 

7551123 

1 370 

5682017 

420 

6232493 

470 

6720979 

520 

7160033 

570 

7558749 

371 

5693739 

421 

6242821 

471 

6730209 

521 

7168377 

571 

7566361 

372 

5705429 

422 

6253125 

472 

6739428 

522 

7176705 

572 

7573960 

373 

5717088 

423 

6263404 

473 

6748611 

523 

7185017 

573 

7581546 

374 

5728716 

424 

0273659 

474 

6757783 

524 

7193313 

574 

7589119 

375 

5740313 

425 

6283889 

475 

6766936 

525 

7201593 

575 

7596678 

376 

5751878 

426 

6294096 

476 

6776070 

526 

7209857 

576 

7604225 

377 

5763414 

427 

6304279 

477 

6785184 

527 

7218106 

577 

7611758 

378 

5774918 

428 

6314438 

i478 

6794279 

528 

7226339 

578 

7619278 

379 

5786392 

1429 

6324573 

479 

6803355 

529 

7234557 

579 

7026786 

380 

5797836 

i430 

6334685 

i480 

6812412 

530 

7242759 

580 

7634280 

.381 

5809250 

431 

6344773 

481 

6821451 

531 

7250945 

581 

7641761 

382 

5820634 

132 

6354837 

482 

6830470 

532 

7259116 

582 

7649230 

383 

5831988 

433 

6364879 

483 

6839471 

533 

7267272 

583 

7656686 

384 

584331,‘l 

1434 

0374897 

484 

6848454 

534 

7275413 

584 

7664128 

385 

5851G07 

435 

6384893 

485 

6857417 

535 

7283538 

585 

7671559 

386 

5865873 

436 

6394865 

486 

6866363 

536 

7291648 

586 

7678976 

387 

5877110 

437 

6404814 

487 

6875290 

537 

7299743 

587 

7686381 

388 

5888317 

438 

6414741 

488 

6884198 

538 

7307823 

588 

7693773 

389 

oS9949() 

439 

0424645 

489 

6893089 

539 

7315888 

589 

1 7701153 

390 

5910646 

440 

6434527 

490 

6901961 

540 

7323938 

590 

j 7708520 

3»1 

5921768 

441 

6444386 

491 

6910815 

541 

7331973 

591 

7715875 

392 

5932861 

442 

6454223 

492 

6919651 

542 

7339993 

592 

7723217 

393 

5943926 

443 

6464037 

493 

6928469 

543 

7347998 

593 

7730547 

394 

5951962 

444 

6473830 

: 494 

6937269 

544 

7355989 

594 

7737864 

395, 

5965971 

i 445 

6483600 

i!495 

6946»52 

545 

7363965 

595 

7745170 

396 

I 5976952 

‘ 416 

0493349 ii 496 

69.54817 

! 546:7371926 

596 

7752463 

397 

[5987905 

! 417 

1 6o03075 

■i 497 

6963504 

1 547 

' 7379873 

597 

47759743 

39« 

5998831 

448 

j 6312780 

:j 498 

6972293 

1 548 i 7387806 

598 

17767012 

399 

6009729 

« 

1 419 

6522 103 

i 499 

6981005 

1 549 , 7395723 

i 599 1 77K268 

' 
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LOGARITHMS OF NUMBERS. 


11.3 


NUM 

LOG. 

N UM 

LOG. 

i 

NUM 

LOG. 

NUM 

LOG. 

NUM. 

LOG. 

GOO 

7781513 

65U 

8129134 

700 

1 

8450980 

, 750 

; S750613 

800 

9030!}0(1 

GOl 

778S745 

651 

8135810 

701 

8457180 

' 751 

i 8756399 

801 

903032 » i 

602 

7795965 

652 

8142476 

702 

8463371 

,752 

; 8762178 

802 

9041741 i 

G03 

7803173 

653 

8149132 

703 

8469553 

w53 

1 8767950 

803 

9047^5 

604 

7810369 

654 

8155777 

704 

8475727 

‘75i 

8773713 

804 

9052.360 

G05 

78175511 

655 

8162413 

! 705 

84S189I 

j 755 

8779470 

805 

9057959 

006 

7824726 

656 

8169038 

706 

8488047 

! 756 

8785218 

806 

9063350 

607 

7831887 

657 

8175654 

707 

8494194 

' 757 

8790959 

S07 

9068735 

6(18 

7839036 

058 

8182259 

708 

8500333 

. 758 i 8796692 

808 

9074114 

609 

7846173 

659 

8188854 

709 

8506462 

] 759 

8802418 

809 

9079485 

610 

7853298 

660 

8195439 

710 

8512583 

i 760 

8808136 

810 

9084850 

611 

7860412 

661 

8202015 

711 

8.118696 

761 

8813847 

811 

9090209 

612 

7867514 

662 

8208580 

712 

8524800 

762 

8819550 

812 

9095,360 

613 

7874605 

663 

8215135 

713 

8530895 

763 i 8825245 

813 

9100905 

614 

7881684 

664 

8221681 

714 

8536982 

. 764 

8830934 

814 

9100244 

615 

7888751 

665 

8228216 

715 

8543060 

765 

8836014 

815 

9111570 

616 

7895807 

666 

8234742 

716 

8549130 

766 

8S122S8 

816 

9116902 

617 

7902852 

667 

8241258 

717 

8555192 

767 

8847951 

817 

9122221 

618 

7909885 

668 

8247765 

718 

8561244 

768 

,8853012 

SIS 

9127533 

619 

7916906 

j 669 

8254261 

719 

8567289 

769 

8859203 

819 

9132839 

650 

7923917 

670 

8260748 

720 

8573325 

'770 

8864907 

820 

9138139 

621 

7930916 

671 

8267225 

721 

So / 9353 

i771 

8870544 

821 

9143432 

622 

7937904 

672 

8273693 

722 

8585372 

■772 

8876173 

822 

9148718 

623 

7944880 

673 

8280151 

723 

8591383 

773 

8881795 

823 

9153998 

624 

7951846 

674 

8286599 

724 

8597386 

774 

8887410 

821 

9159272 

625 

7958800 

675 

8293038 

725 

8603380 

1 775 

8893017 

825 

9164539 

626 

7965743 

076 

8299467 

726 

8609366 

1776 

8898617 

826 

9169800 

627 

7972675 

677 

8305887 

727 

8615344 

j777 

8904210 

827 

9175055 

628 

7979596 

678 

8312297 

728 

8621314 

,778 

8909796 

828 

9180303 

629 

7986506 

679 

8318698 

729 

8627275 

779 

8915375 

829 

9185545 

630 

7993405 

680 

8325089 

730 

8633229 

780 

8920946 

830 

9190781 

631 

8000294 

681 

8331471 

731 

8639174 

781 

8926510 

831 

9196010 

632 

8007171 

682 

8337844 

732 

8645111 

782 

8932068 

832 

9201233 

633 

8014037 

683 

8344207 

733 

8651040 

783 

8937618 

833 

9206450 

634 

8020893 

684 

8350561 

734 

8656961 

784 

8943161 

8;^ 

9211061 

635 

8027737 

685 

8356906 

735 

8662873 

785 

8948697 

835 

9216865 

636 

8034571 

686 

8363241 

736 

866S778 

786 

8954225 

836 

9222063 

637 

8041394 

687 

8369567 

737 

8674675 

787 

8959747 j 

837 

9227255 

638 

804S207 

688 

83758S4 

738 

8680564 

788 

8965262 

838 

9232440 

639 

8055009 

689 

8382192, 

739 

8686444 

789 

8970770 j 

839 

9237620 

640 

8061800 

690 

8388491 i 

740 

8692317 

790 

8976271 

840 

9242793 

641 

8068580 

691 

8394780 1 

741 

8698182 

791 

89S17G5 

841 

n2474)t?D 

642 

8075350 

692 

8401061 1 

742 

8704039 

792 

8987252 i 

842 

9253121 

643 

8082110 

693 

8407332 i 

743 

8709SS8 

'793 

8992732 

813 

9258276 

644 

8088859 

694 

8413595 

741 

8715729 

794 

8998205 , 

844 

9263424 

645 

8095597 

695 

8419848 

745* 

8721563 

795 

9003671 ' 

845 

9208*67 

646 

8102325 

696 

8426092 

746 

8727388 

796 

gtipoisi i 

SlG 

9273704 

647 

810!Jbl3 

697 

8432328 

747 

8733206 

797 

9014583 ! 

847 

9278834 


8115750 

698 

8438554 

748 

8739016 

798 

9020029 

848 

9283!*9 

649 

5122447 ;■ 

699 

8444772 

749 

8744818 

799' 

^025468 

819 

928^)077 i 



)16 ' LOGARITHMS. 


NOM 

LOO. j 

NUM. 

LOO. 

NUM. 

LOG. j 

NUM- 

LOG. ] 

.N’UM 

LOG, 

S5O 1 

9294189 { 

880 

9441827 

910 

9590414 

940 

9731279 

970 

9867717 

851 

9299290 

881 

9449759 

911 

9595184 

941 

9735896 

971 

9872192 

852 

930 1396 

882 

9454686 

912 

9599948 

942 

9740509 : 

972 

9876663 

853 

9309190 j 

883 

9459607 

913 

9601708 

943 

9745117 

973 

9881128 

854 

9314579 

884 

9464523 

914 

9609462 

944 

9749720 : 

974 

9885590 

855 

9319661 

885 

9469433 

915 

9614211 

945 

9754318 

075 

9890046 

856 

9324738 

886 

9474337 

916 

9618955 

946 

9758911 : 

976 

9894498 

857 

9329808 

887 

9479236 

917 

9623693 

947 

9763500 i 

977 

9898946 

S08 

9334873 

888 

9484130 

918 

9628427 

^i8 

9768083 ; 

978 

99033t89 

859 

9339932 

889 

9489018 

919 

9633156 

949 

9772662 

979 

9907827 

860 

9344985 

890 

9493900 

920 

9637878 

950 

9777236 

980 

9912261 

861 

9350032 

891 

9498777 

921 

9642596 

951 

9781805 

981 

9916690 

862 

9355073 

892 

9503649 

922 

9647309 

952 

9786369 

982 

9921115 

863 

9360108 

893 

9508515 

923 

9652017 

953 

9790929 

983 

9925535 

864 

9365137 

894 

9513375 

924 

9656720 

954 

9795484 

984 

9929951 

865 

9370161 

895 

9518230 

925 

9661417 

955 

9800034 

985 

9934362 

866 

9375179 

896 

9523080 

926 

9666110 

956 

9804579 

986 

9938769 

867 

9380191 

897 

9527924 

927 

9670797 

957 

9809119 

987 

9943172 

888 

9385197 

898 

9532763 

928 

9675480 

958 

9813655 

988 

9947569 

869 

9390198 

899 

9537597 

929 

9680157 

959 

9818186 

989 

9951963 

870 

9395193 

900 

9542425 

930 

9684829 

960 

9822712 

990 

9956352 

871 

9400182 

901 

9547248 

931 

9689497 

961 

9827234 

991 

9960737 

872 

9405165 

902 

9552065 

932 

9694159 

962 

9831751 

992 

9965117 

873 

9410142 

903 

9556878 

933 

9698816 

963 

9836263 

993 

9969492 

874 

9415114 

904 

9561684 

934 

9703469 

964 

9840770 

994 

9973864 

875 

9420081 

905 

9566486 

935 

9708116 

965 

9845273 

995 

9978231 

876 

9425041 

906 

9571282 

936 

9712758 

966 

9849771 

996 

9982593 

877 

9429996 

907 

9576073 

937 

9717396 

967 

9854265 

997 

9986952 

878 

9434945 

908 

9580858 

938 

9722028 

968 

9858754 

998 

9991305 

879 

9439889 

909 

9585639 

|939 

9726656 

969 

9863238 

j 999 

9995655 


It is not our province, in this brief article, to explain the use of the larger 
Logarithmic Tables, as whoever possess such have of course their author’s own 
explanations, and therefore the following illustrative examples are selected to 
suit the tablji|iere given. 

Multiplication, as already stated, b performed by tlM addition of Loga- 
rithms, thus: — ,, 

To multiply 368 hy 22-5, we place opposite to each other the 
Numbers and their Logarithms. 

368 2-56584781 4 ,, 

. 22-5 1-3521825 

Frf duct of Numbers 8280- 3-9180303 Sum of Log. 

»- - . . - 


Here the first factor, 368, being a whole number, consisting of three figures, 
has for its index 2 ; and the second, 22-5, having but two figures, without the 
decimal part, has for its index 1. To these are subjoined the decimal portions 
of the logarithms taken from the Table, and the sum of the two being found in 
the Table opposite to 8S8f which would be the answer were the index 2 ; but as the 
index is 3, the answer must be made to consist of four figures, whicn is done by 
supplying to the right of the figures a cipher, making the answer, as^abgve, 

8280., , t 

% 

1 

f ' 
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Required the capacity of an exoavation, whose length is 295, breadth 128, 
and depth 25 feet. • 

NUMBERS. LOGARITHMS. 


295 2-1G98220 

128 2 1072100 

25 1 -3979400 • 


Product . 9 14000 

% 


5-9749720 Sum. 


Again, let the numbers 3-2. 25, 1-12, '123, ‘015, and 004 be continually 
multijjied together. - • 


NUMBERS. 

3-2 

25- 

1-12 

■125 

•015 

•004 


LOGARITHMS. 

0. 5051500 

1- 3979400 
0- 0492180 
2' 0969100 

2 - 1760913 

3- 6020600 


Product •000672 


4- 8273693 


The number in the table corresponding with the decimal part of the sum 
of these logarithms is 672, but as the index is 4 there must be three cyphers 
prefixed to this number to constitute the product or answer which is therefore 
•000672. 

Division, being the reverse of Multiplication, and performed by subtraction 
of logarithms, requires but little explanation. 

For illustration, let 944000 be divided by 3200, thus 

NUMBERS. LOGARITHMS. 

Dividend 944000 5-9749720 From 

Divisor. . 3200 3-505 1500 Substract. 


Quotient . 295 2-4698220 Difference. 


Again, let -OOSIS be divided by -0025. 

NUMBERS. 

.00815 
.0025 


Quotient. . 326 1-5132176 


LOGARITHMS. 

3-9111576 

2-3979400 


Let 493 be divided by 937. 

NUMBERS. LOGARITHMS. 

Dividend. .493 2 6928469* 

Divisor, . . 937 2-9717396 


Quotient. -526 1-7211073 


Here the logarithm to be subtracted being the greater of the two, the index 
of the difference is 1 , which renders the quotient a decimal. • 

Involution^ or the raising of powers, is performed by xnultiply ing the loga- 
rithm of the given number by the index of the power to which it is required t^ 
be raiJtd, thus : — 

•Let 20 be squared, or raised to the second power. 
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NUMBERS. 

26 


Powel .... 676 


Required the cube root, or third power of 9. 


NUMBERS. 

9 


Power . . . 729 


LOGARITHMS. 

1- 4149733 

•2 

2- 8299466 Product. 


LOGARITVMS. 

0-9542425 

3 

2 8627275 


Required the 9th power of 1.05, which will be the amount of 17. in nine 
years, at 5 per cent, compound interest. 


NUMBERS. 

1-05 


Amount. . 1-55 or 1/. 11s.. 


LOGARITHMS. 

0-0211893 

9 

0 1907037 


From this example it is manifest that the amount of money laid out at com- 
pound interest for 50, 100, or any other number of years, can be found byloi^a- 
rithms with the greatest facility, though the operation by common arithmetic 
is very tedious, requiring a distinct multiplication for each year. 

Evolution, or the extraction of roots, is performed by dividing the logarithm 
of the given number by the index of the root required. Let this be illustrated 
by finding the square root of 324. 


NUMBERS. 

324 


Root ... 18 


LOGARITHMS. 

2)2-5105450 

1-2552725 


Required the ninth root of 1-55 

NUMBERS. 

1-55 


Root ... 1-05 


l OGARITIIMS. 

9)0-1903317 

0-0211479 


As it may occasionally be desirable to apply the foregoing table to numbers 
beyond its limits, the manner of doing so is subjoined. 

To find the logarithm of a number exceeding three figures, it is evident that 
the logarithm of the first three must be augmented by such a proportion of the 
difference between it and the next greater logarithm, as the remaining figures 
of the given number bears to unity with as many cyphers as may be required ; 
thus — to find the logarithm of 47583, the logarithm of the finst three fitrures 
-475 is 6760930, and the next greater is — 

' 6776070 


9134 their difference. 


Now take the proportion as 1 


•913d : ; 83 : 75 
S3 


27302 

73072 


1,0000)75-8022, or 7498 nearly - which being ^addeil 


i 
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to the first logarithm, gives 4'6774516 for the logarithm of 47583. On the 
contrary*, if the number be required for a logarithm not to be found in tile 
table, to the first three figures corresponding with the next less logarithm, are 
to be subjoined the result of the following proportion ; viz. — As the dilference 
between the next greater and next less logarithm is to unity, with as many 
cyphers as may be required, so is the dilference between the given logarithuj* 
and the next less to the figures to be subjoined to those found in the table. 
Thus — Suppose it were required to find the natural number corresponding with 


4'6968455 ^ 

The next less logarithm in the table is ... . 6963564 

The next greater . . , 6972293 

• 

Difference . . 872 9 


The ^vea logarithm 6968455 

Next less 6963564 


Difference . . . 4891 

Now— As 8729 : 100 : : 4891 : 56 
100 

8729)489100(56 

43645 


52650 

52374, 


Which being subjoined to 497, the three figures found in the table opposite to 
the next less logarithm, give 49756 for the number of the given logarithm. 

LOGWOOD. A hard compact wood, so heavy as to sink in water; of a fine 
grain, capable of being polished, and so durable, as to be scarcely susceptible 
of decay. Its predominant colour is red, tinged with orange, yellow, and black. 

It yields its colour both to spirituous and watery menstrua. Alcohol extracts it 
more readily and copiously than water. The colour of its dye is a line red, 
inclined a little to violet or purple, which left to itself, becomes yellowish, pur- 
ple, and at length black. Acids turn it yellow, alkalies deepen the colour, and 
give it a purple or violet hue. A blue colour is obtained from logwood, by 
mixing verdigris with it in the dye bath. The great consumption of logwood 
is for blacks, to which it gives a lustre and velvety cast ; it is also extensively 
used as a red, purple, or black dye to beech, and various white woodj* 

LONGIMETRY. The measuring of lengths and distances, both accessible 
and inaccessible. Accessible distances are measured by the application of 
some lineal measure, as a foot, a chain, &c. Ihaccessible distances are measured 
by taking angles, &c. by means of proper instruments ; such as the circum- 
ferentor, quadrant, and theodolite. 

LOOM. A machine for weaving cloth, of which there are various kinds. 
See Weaving. • 

LOZENGES, or Troches, are small articles of confectionery, sometimes, 
medicated, and usually made up of the form of thick wafers. The basis .»f 
their composition is refined sugar, which is finely pulverised and sifted, then 
mixed up in a mortar, with just a sufficient quantity of thick mucilage, to make 
a very firm paste ; to which is added the essential oil or other flavouring ingre- 
dient or medicament. When the past*, so made, is of the right consistence 
to be rolled out into a solid and smooth sheet, that operation should be quicklv 
performed by • cylindrical roller, the ends of which shofllS run upon slips o'r 
projections above the board, of the thickness of the intended lozenge. Thu% 
rolled 8ut,4he lozenges should be quickly cut out with the punch or cutter; which 
is*usu^lly the hollow frustrum of a cone, with sharp edges St the narrow end, atid 
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is made either of tinned plate, iron, or steel. As soon as these are cut out, the 
remaining pieces which formed the interstices between the lozenges, should be 
‘ rolled up, or beaten together in a mortar, then rolled and cut out again ; and this 
operation continued, until the whole material is used up. But if further quantities 
are required of the article under operation, then the remnants of one cutting may 
c be added to the succeeding batch. In the pharmacopeias, gum tragacanth is 
recommended as the mucilage to be used in making medicinal lozenges. Lozenge 
makers, however, rarely use this gum, as besides being much dearer, it is incon- 
venient in use, and does not make so elegant a lozenge as gutnpArabic or Senegal. 
The latter when in proper quantity, (which is about one ounce of very thick muci- 
lage to a pound of finely powdered sugar,) gives to the lozenges made therewith, 
a semi-transparency and hardness, which is regarded in the trade as i test of 
a well-manufactured article. When essential oils, (such as peppermint, roses, 
cinnamon, &c.) are used as the flavouring ingredients, they should not be added 
until the paste is otherwise nearly completed, as their great volatility causes a 
waste of their essential properties when long under the hands of the operator. 
In making lozenges containing balsams, such as the tolu, the balsams may be 
advantageously mixed with the mucilage ; and those in which powders, such 
as ginger are to be mixed, the manner of performing it is a matter of indif- 
ference. ^ 

LUTE, or Lutino. A mixed, tenacious, ductile substance, which being 
applied between the junctures of distillatory and other vessels, grows solid by 
drying, and effectually stops up the crevices. Lutes are of different kinds, 
according to the nature of the operations to be made. When vapours of watery 
liquors, and such as are not corrosive, are to be contained, it is sufiicient to 
surround the joiner of the receiver to the nose of the alembic, or of the retort, 
with slips of paper or of linen, covered with flour paste. In such cases also 
slips of wet bladder are very conveniently used. When more penetrating and 
dissolving vapours are to be contained, a lute is to be employed of quicklime 
slacked in the air and beaten into a liquid paste with the whites of eggs. This 
paste is to be spread upon linen slips, which are to be applied exactly to the 
joinings of the vessels. This lute is very convenient, easily dries, becomes 
solid, and sufliciently firm. Of this lute, vessels may be formed hard enough 
to bear polishing on the wheel. When acid or corrosive liquors, are to be con- 
tained, recourse is had to fat lute ; which is made of finely powdered clay, 
ufted through a fine sieve, and moistened with water ; this paste is then well 
beaten in a mortar with boiled linseed oil, rendered drying by litharge. This lute 
easily takes and retains the forms given to it. It is generally rolled into cylin- 
‘ drical sticks of a convenient size for use. They are applied by flattening them 

to the joinings of the vessels, which ought to be perfectly dry, because the least 
moisture would prevent the lute from adhering. When the joinings are well 
closed \fii,h this fat lute, the whole is to be covered with slips of linen spread 
with lute of lime, and whites of eggs. These slips are to be fastened with 
packthread. The second lute is .necessary to keep on the fat lute, because this 
latter remains soft, and does not become solid enough to stick on alone. Fine 
porcelain clay, mixed with a solution of borax, is well adapted to iron vessels, 
the part received into an aperture being smeared with it. 

( 

M. 

MACHINE signifies anything used to augment or regulate force or motion. 
The simplest machines, namely, the lever, the wheel and axle, the pulley, the 
inclined plane, the wedge and the screw, are usually denominated the mecha- 
^ ..nical powers, since all machinery is nffcessarily compounded of some of them ; 

hence a machine i| % combination, or a peculiar modification of some of the 
, mechanical powers. * 

• MADDER. A substance very extensively employed in dyeing; is the 
root of a trailing pl^t that grows very abunuantly in the south of Europe. It 
is cultivated in En^and an d Holland also ; but the best is said to ife that 
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brov^ht from Bmj-ma and Cypras. The roots of the plant are carefully peeled, 
dried in the air, and afterwards in a kiln, in the same way as hops are dried in 
Kent. They are then chipped and pulverized. The best roots are about 111% 
thickness of a goose-quill; semi-transparent, of a reddish colour and strong 
smell. The red colouring matter of madder is soluble in alcohol, which, oif 
evaporation, leaves a residuum of a deep red. Fixed alkali forms in this solu- 
tion a violet, the sulphuric acid a fawn coloured, and the sulf)hate of potash a 
fine red precipitate. A variety of shades are obtained by the addition of alum, 
chalk, nitre, sugar of lead, and the muriate of tin. 

MAGIC, rae imposture by which a few individuals, who had become 
acquainted with some of the more remarkable phenomena of nature, and the 
operations of chemistry, managed to enslave the minds and bodies of th^ igno- 
rant ‘fellow creatures. An acquaintance with the motions of the heavenly 
bodies, and the variations in the state of the atmosphere, enabled its possessor 
to predict astronomical and meteorological phenomena, with a frequency and 
accuracy which could not fail to invest him with a divine character. The power 
of bringing down fire from heaven, even at times when the electric influence 
was itself in a state of repose, could be regarded only as a gift from heaven. 
The power of rendering the human body' insensible to fire, was an irresistible 
instrument of imposture ; and in the combinations of chemistry, and the influ- 
ence of drugs and soporific embrocations on the human frame, the ancient 
magicians found their most available resources. The secret use which was thus 
made of scientific discoveries, and of remarkable inventions, has no doubt 
prevented many of them from reaching the present times ; but though we are 
very ill informed respecting the progres.s of the ancients in various departments 
of the physical sciences, yet we have sufficient evidence that almost every branch 
of knowledge had communicated its wonders to the magician’s budget ; and we 
may even obtain some insight into the scientific acquirements of former ages, by 
diligent study of their fables and their miracles. 

The science of acoustics furnished the ancient sorcerers with some of their 
best deceptions. The imitation of thunder in their subterranean temples, could 
not fail to indicate the presence of a supernatural agent. The golden virgins, 
whose ravishing voices resounded through the temple of Delphos ; the stone 
from the river Pactolus, whose trumpet notes scared the robber from the trea- 
sure which it guarded ; the speaking head, which uttered its oracular responses 
at Lesbos ; and the vocal statue of Memnon, which began at break of day to 
accost the rising sun, — were all deceptions derived from science, and from a 
diligent observation of the phenomena of nature. 

The principles of hydrostatics were equally available in the work of decep- 
tion. 'The marvellous fountain which Pliny describes in the island of Andros 
as discharging wine for seven days, and water for the rest of the year ; the 
spring of oil which broke out in Rome to welcome the return of As Justus fi om 
the Sicilian war ; the three empty urns which filled themselves with wine at the 
annual feast of Bacchus in the city of Elis ; the glass tomb of Belus, which was 
frill of oil, and which, when once emptied by Xerxes, could not again be filled, 
the weeping statues, and the perpetual lamps of the ancients ; — were all the 
obvious effects of the equilibrium and pressure of fluids. 

Although we hav'e no direct evidence that the philosophers^ of antiquity were 
skilled in mechanics, yet there are indications of their knowledge, by no means 
equivocal, in the erection of the Egyptian obelisks, and in the transportation •f 
huge masses of stone, and their subsequent elevation to great heights in iTieir 
temples. The powers which they employed, and the mechanism by which they' 
operated, have been studiously concealed ; but their existence may be inferred 
from the residts otherwise inexplicable, and the inference derives additional 
confirmation from the mechanical arrSngements which seem to have formed a 
part of their religious impostures. When in some of tlm infamous mysteries of 
ancient Roi*e, the unfortunate victims were carried off ny the gods, there is 
reason to believe that they were hurried away by the power of machinery ; and 
wheS Apollonius, conducted by the Indian sages to tl|^ temple of their ^od.s, 
•felt the earth rising and falling beneath his feet like the agitated sea, he was no 

V?t.. II. u • 
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doubt placed upon a moving floor, capable of imitating the heavings of the 
waves. The rapid descent of those who consulted the oracle in the cave of 
Tro^onius — the moving tripods which Apollonius saw in the Indian temples of 
\he walking statues of Antium, and in the temple of Hierapolis — and the 
evooden pigeon of Archytas, are specimens of the mechanical resources of 
ancient magic. 

‘But of all the soiences, optics is the most fertile in man'ellous expedients. The' 
power of bringing the remotest objects within the very grasp of the obsen-er, 
and of swelling into gigantic magnitude the almost invisible bodies of the 
material world, never fails to inspire with astonishment even tMbse who under- 
stand the means by which these prodigies are accomplished. The ancients, 
indeed, were not acquainted with those combinations of lenses and mirrors 
which constitute the telescope and the microscope ; but they must have 'been 
familiar with the property of lenses and mirrors to form erect and inverted images 
of the objects. There is reason to think that they employed them to effect the 
apparition of their gods ; and in some of the descriptions of the optical dis- 
plays which hallowed their ancient temples, we recognise the transformations 
of the modem phantasmagoria. 

MAGIC LANTERN. An optical machine employed to throw a magnified 
image of paintings upon glass or any transparent substance on a white screen 
in a darkened chamber. It has generally been devoted to the amusement of 
children, paintings of a ludicrous description being its usual accompaniments ; 
but it may be employed with propriety to illustrate the principles of the sciences, 
by a selection of suitable diagrams. The apartment in which the exhibition is 
made should be completely darkened, and no light allowed to escape from the 
lantern except what passes through the glasses. To increase the light, a con- 
cave reflector is frequently used, of such a curvature, that the candle is in its 
focus, so that the rays proceeding from it, fall parallel upon the glass next the 
candle. The glass sliders upon which the pictures are made, are generally of 
sufficient length to contain several sets of figures ; the sliders being introduced 
by an opening, cut in each side of the tube containing the lenses. A section 
of this machine is shown below. 



MAGNESIA. One of the primitive earths, having a metallic base called 
magnesium. It is a soft white powder; of specific gravity 2.3. It renders the 
syrup of violets, and the infusion of red cabbage, green ; and reddens tur- 
meric. It is infifsible, except by the oxy-hydrogen blow-pipe. It has scarcely 
^y taste, and no smell ; is nearly i^nsoluble in water, but absorbs that liquid 
witi: the production of heat. Its chief use is in medicine. 

MAGNET, OR LOADSTONE, is a ferruginous stone or ore of iron ; it has 
the property of attracting iron, of pointing itself in a certain direction, and of 
communicating the same property to steel or iron. 

MAHOGANY. The beautiful reddish brown coloured wood of which 
household furniture is now chiefly made. It is a native of the warmest parts of 
America and the WeA “indies. It thrives in most soils in the tropyal climates, 
bqt varies in texture and grain according to the nature of the soil. On rocks 
it IS of a smaller size, but very hard and weighty, of a close grain, and W;au- 
tifuil'y shaded ; while tHe profluce of the low and richer lands is observed to be* 



more light anti porous, of a paler colour, and open grain ; and that of mixed 
soils to hold a medium between both. The tree grows very tall and stra^lit, 
and is usually four feet in diameter. On account of the difflculty of trans-^ 
porting the mahogany timber from the forests, when a tree is of great thickness 
they cut it into short logs, otherwise the great weight and bulk 
unmanageable with the restricted means available on the spot ; and with the 
view of equalizing the burthen or draft of the cattle (oxen),* the logs are loRg 
in proportion to their diminished thickness. The largest log ever cut m Hon- 
duras was of the following dimensions : — length, 17 feet ; breadth, 57 inches ; 
depth 64 inches ; measuring 5,421 feet of plank, of 1 inch in thickness, and 
weighing upwards of 15 tons. . , 

M^IZE OR INDIAN COEN being now cultivated to some extent m dif- 
ferent parts of this country, we have given the engraving on the following 
page of a machine for husking the com, or separating the grains from the ear, 
a process equivalent to that of thrashing employed for other giain. a is a 
crank handle or winch, which being turned, gives motion to a spur "'heel i, 
and thereby causes a rapid revolution of the pinion c, on the shaft of which is 
fixed a large circular cast-iron plate d, the face of which is studded all over with 
very numerous cast-iron teeth or knobs ; e is the hopper of the figure of a naiTow 
inverted quadrangular p}Tamid ; it has one of its sides movable, and capable of 
a very simple adjustment by turning as a lever upon a fulcrum at g, by 
movement the aperture of discharge is enlarged or contracted; and it should 
be so regulated as only to admit of the central stalks of the cobs of the Indian 
corn to pass ; these differ in size according to the fertility of the soil, the 
climate, and the treatment of the plant. At h there is a curved slot mortise 
through the side of the hopper, tlirough which the stein of a thumb'Screw 
passes from the outside into the movable plate, which is confined in any position 
at pleasure by half a turn of the screw. 

In America, where these machines are 
common, they are usually worked by 
one person turning the winch a, which 
gives very rapid revolutions to the plate 
d, whilst a boy drops one by one the cobs 
of Indian corn into the hopper, which 
causes each cob successively to spin 
round upon its axis, or stalk with great 
velocity, rubbing or knocking out the 
grain in its progress ; and so effectual is 
the process, that a single turn of the 
winch a completely husks a large cob of 
maize. 

MALLET. A large kind of hammer, 
made of wood ; they are of various forms, 
according to the kind of work to be per- 
formed by them. 

MAL'T. Grain which has become sweet 
from the conversion of its starch into sugar, 
by an incipient growth or germination arti- 
ficially induced, called malting. In malt- 
ing barley the usual method is to steep the grain in a sufficient quantity of watfr 
for two or three days, till it swells, becomes plump, somewhat tender, and tinges 
the water of a bright brown or reddish colour. The water being then drained 
away, the barley is spread about two feet thick upon a floor, where it heats spon- 
taneously, and begins to grow by first shooting out the radicle. In this state 
the germination is stopped, by spreading it thinner, and turning it over once 
every four or five hours for two days ; after which it is ^ain made into a heat, 
and sufferid to become sensibly hot to the hand, whicn usually takes place in 
froy twenty to thirty hours ; when it is spread out to cool, and afterwards djied 
upon the kiln, by a low and continuous heat, which renders it dry and crisp. 

• Tljj common malt-kiln is a square building, widening gradually within,* from 
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the fire-place to a floor above, on which the malt is laid. It may be compared 
to an inverted pyramid, having a fire-place in its vertex, and its base covered 
by £ floor, on which the malt is dried by the heat, and more or less smoke 
‘■(according to the nature of the fuel and management of the fire), which ascends 
^from the fire beneath. The floor is usually formed of tiles supported upon iron 
bars ; the tiles have large holes made nearly through them from the lower side, 
afcd then very small holes pricked entirely through them. In some kilns webs 
of wire, covered with hair-cloth, are used instead of the perforated tiles. The 
fuel commonly used is either coke or stone coal ; sometimes wood, and the 
hot-air that passes through the malt, has previously passed through the naked 
fire. An improvement in this respect has, however, been lately introduced, 
which, by means of a cast-iron tube, open externally to receive the air, and 
extended across the furnace and horizontal flue to acquire heat, thus delivers 
the air to the malt at an elevated temperatm-e, and free from smoke, as well as 
other impurities. Distillers and brewers, whose buildings are so relatively 
situated, may thus lead the air cylinder for their malt kilns through the fur- 
naces of their stills or boilers, and thus save the necessity of a distinct furnace 
for the malt, and a great portion of the cost of fuel. 

An important improvement in malt kilns was introduced by Mr. Salmon, a 
maltster of Stokeferry, in Norfolk, in 1829, and for which he took out letters 
patent. This consists in admitting a portion of the hot-air from the flue into 
the part of the kiln above the malt, during the process of drying, instead of 
causing all the hot air to pass through the malt according to the customary 
practice. The object of this arrangement is to promote the evaporation, and to 
carry away the moist air instead of allowing it to be again condensed, and depo- 
sited on the surface of the malt. The grain floor of the kiln is made in the 
usual way, a portion of the heated air passing through the small perforations 



therein ; but the hot air is admitted into the upper part of the kiln through 
large openings furnished with tubes, or by small flues which extend higher than 
the surface of the malt on the floor, and thus a portion of the hot air is con- 
veyed in a dry state to the space above the surface of the malt. The vapour 
that arises from malt tfh'hn drying in the kiln, is discharged into thesair through 
a lipod or cowl, which turns round by means of a vane, so that the opening 
sliall always be in the opposite direction to that from which the windvblows : 
but lift aperture of the dommon cowl always remains of the same magniti^e, * 
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and therefore the draft through the fire admits of no accurate regulation ; and 
malt-houses are not unfrequently set on fire in making high-dried malt, because 
the fire is not perfectly manageable. Mr. Perkins, of Stanstead, in Hertford-, 
shire, has, however, invented a cap (for which he received an honorary medal 
from the Society of Arts), possessing all the advantages of the common cowl, with • 
the additional one of regulating the opening, and consequently the draft and 
intensity of the fire. It also entirely excludes wet when thS wind is still and 
the rain falls perpendicularly in showers, which is not effectually done with the 
common cowl, to the great injury of the malt lying on the floor, and the rusting 
of the wire-worK when that material is employed for the floor. Fig. 1 in the 
engraving on p. 124, represents the turn-cap a a and the neck 5 5 in section ; c c 
a square iron bar or spindle, sliding through a square hole in the middle of the 
iron plate or bar in d, and through another in the middle of the beam e ; the 
cap a a turns upon the upper cylindrical portion of this bar, and the bar itself 
is supported and hangs entirely on the chain/ attached to the pulley g, which is 
mounted on a carriage on the beam e ; on the same axis is a larger pulley h with 
a chain attached to it at i, and from which a chain and weighty hangs, sufficient 
to balance the weight of the sliding bar c, and turn-cap a a. By raising the weight 
j the cap is lowered and finally shut ; and on lowering the weight the cap is 
raised quite up, or held at any intermediate height. Fig. 2 is a section of the 
neck between the bars d and e. Fig. 3 is a top view of the bar d, showing the 
hole through which the spindle passes ; k. Fig. 3, is a similar iron bar across the 
cap a a. The chain / should be attached quite close to the bar c c, to lessen 
its tendency to lean on one side. Malt may be dried upon the same kilns as 
are used for drying grain generally ; see the article Kilns. 

MALTHA. The mineral tallow of Kirwan, said to be found on the coast of 
Finland, also on the lake Baikal, in Siberia. It resembles wax, and has hence 
been denominated sea-wax. It is a solid substance, spec. grav. 0.77, white, brittle, 
stains paper like oil, melts with a moderate heat, and bums with a blue flame 
and much smoke ; dissolves readily in oil, and imperfectly in hot alcohol. The 
term maltha was likewise applied by the ancients to a species of cement, of 
which there were two kinds, native and factitious ; one of the latter consisted 
of pitch, wax, plaster, and grease; another (which, it is said, they used in their 
aqueducts) was made of lime slacked in wine, and incorporated with melted 
pitch and fresh figs. 

MANDREL is the name given to a kind of pulley, forming an important 
part of a lathe; there are various kinds, — see Turning. 

MAN GANESE, is a metal of a dull whitish colour, but soon changes to a 
dark grey by e.xposure to the air. It is hard, brittle, rough in its fracture ; not 
pulverizable, but falls to powder when broken to pieces by spontaneous oxida- 
tion. It is so difficult of fusion, that no heat yet exhibited has caused it to 
run into masses of any considerable magnitude. Concentrated sul^ihuric acid 
attacks manganese, at the same time that hydrogen gas is disengaged. Nitric 
acid dissolves it with effervescence, and the escape of nitrous gas. A spongy, 
black, and friable matter remains, which if a carburet of iron. The oxide is 
more readily soluble in nitrous acid. Manganese is dissolved in the usual 
manner by muriatic acid. In the dry way-, the oxide of manganese combines 
with such earths and saline substances as are capable of undergoing fusion in a 
strong heat. Manganese melts readily with most of the bther metals, but 
rejects mercury. Gold and iron are rendered more fusible by a due admixtuiy 
of manganese, and the latter metal is rendered more ductile. Copper beccthes 
less fusible, and is rendered whiter, but of a colour subject to tarnish. The ore 
of manganese, known in Derbyshire by the name of black wadd, is remarkable 
for its spontaneous inflammation when thoroughly dried with oil. Manganese 
is chiefly used by the glass makers* and potters, but since the discovery of 
chlorine, its application in the art of bleaching has much extended its useful- 
ness. See Bleaching. *• 

MANGLE. A domestic machine of great utility, employed in smoothening 
linen, aS a substitute for the heated irons extensively used for the same purpose. 

* ^ the coip non mangle, as most of our readers well 'now, the linen ortbtlur 
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articles to be mangled, are wrapped round wooden rollers, which are placed 
up{>ri a solid level bed or floor, and upon the rollers is placed a large oblong box, 
which is filled with stones, or other heavy substances, in order that they may 
press with great force upon the rollers, while the box is moved backwards and 
V- forwards upon them, by means of a handle attached to an upper roller or wind- 
lass, to which straps from each end of the moving box are attached. By this 
fnachine, the operation of mangling is very well done, but the labour is exces- 
sive on account of the necessity of frequently arresting and changing the motion 
of the heavy box. In China, mangling is performed in the most perfect man- 
ner by a machine of the same kind as our common manglef but far simpler. 
A concavity is formed in the floor of the apartment, of a hard and polished 



wood, into Vhich is placed a roller, with the cloth intended to be mangled, around 
it. A heavy stone, (so shaped as to rest on either end while the operator 
examines his work,) is then glided ,on the roller, and its elevations alternately 
pressed by his feet, so that the article shall receive an equal pressure on every 
part of it. The man supports himself by bamboos placed in the floor for that 
purpose, as represented by the above engraving, and after a labour of four or 
^ye minutes, the jvork is afimhably finished. 

Another extremely simple machine, delineated in the engraving on p. 127 has 
b*e^ applied with good effect, by Mr. Pitcher, for the purpose of mangling linen, 
ft consists of a roller about 4 inches in diameter, and 30 inches long, with a piece 
ot th™ thick woollen cloth used for ironing, firmly fixed thereon. The roller is 
tumeq round by means of a winch, and has its bearings at the ends in two stout 
iron plates, screwed to the sides of the table. Upon the roller rests a board, 

h-Mat at one end by hinges, and 

inp- tb end a,t^eight suspended to it, the pressure of which^upon turn- 

0 winch, winds the woollen cloth, and the damp linen articles mid upon 
amoo 1 *®”^ upon the roller, that by continuing the motion, the linen bec^m* as 
ui as upon the com^ion unwieldy mangle. The roller rests upon the table, • 
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and the iron plates allow it to rise and fall, according to the quantity of cloths 
wrapped round it. This mangle, when not in use, serves the purpose of a 
common table, by merely unshipping the roller ; this circumstance, and»the 
facility and cheapness with which it may be constructed by any common work-* 
man, are great recommendations to its employment by such as cannot afford, 
or who have not adequate occasion for, the more complex and perfect machines. ’ 



An important improvement in the construction of the common mangle, first 
described, was effected about thirty years ago by Mr. Baker, of Fore-street, 
London, by which the otherwise unwieldy heavy box was moved with great facility 
backwards and forwards, by a continuous motion of the handle in one direc- 
tion ; and by the addition of a fly wheel to equalize the motion, a great amount 
of muscular exertion is saved to the individual working the machine. The 
motion employed by Mr. Baker is highly ingenious and interesting ; and although 
it has been superseded by others of a simpler and more efficient kind, we can- 
not pass it by without a brief notice of its construction. It consists of a wheel, 
having a series of teeth or pins on the outside of the periphery, and another 
series of similar teeth or pins upon the inside of the periphery. In these teeth 
a revolving pinion works, traversing from the inside to the outside of the wheel, 
or the contrary way, during the reversing of the motion, instead of confining 
the pinion to one course, as in working an ordinary cog wheel. To enable the 
pinion to do that, a portion of the periphery of the wheel is cut away, through 
which the pinion passes, by rolling round from the outside into the inside, then 
around the latter again to the former ; the axis of the pinion has therefore a 
range or play to the extent of the thickness of the rim of the wheel, betw'een 
the inner and the outer cogs. From the foregoing, it is evident that by tlie 
continued action of the pinion, it turns the wheel round nearly a resolution one 
way, and then through the same space the contrary way; and as the two ends 
of the loaded box are attached by chains to the reciprocating wheel, it is 
made to traverse backward and forward. This traversing motion, by the revolu- 
tion of a pinion, was subsequently improved by Mr. Elisha Peechey, and applied 
to a very convenient mangle, for a model of which Mr. Peechey' was awarded 
the silver medal of the Society of Arts. This mangle had wjiat may be called 
an upper and a lower rack inside a slot, which was made to traverse by the revo- 
lution of a pinion, as in Baker’s patent mangle. The pinion in this case l^s»a 
stationary axis, and the bar in which the racks are formed has a pin in its 
upper side, which sliding between grooves in the plummer blocks, keeps it 
bearing against the pinion when the upper rack is operated upon ; another pin 
is fixed on the lower side of the bar, which in like manner keeps it in contact 
with the pinion when the latter i.s operating upon the lower side, the bar een- 
taining the*racks thus always accommodating itself 4o4he continuous motion 
of the pinion, which thereby impels it alternately in opposite directions. A 
mai!^le»of this kind, in which several important improvements have been'in- 
“troduced, is manufactured by Mr. Christie of Shettiehi. in a style of ^l e.it 
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excellence, and at a very moderate cost Instead of the top and bottom rack, 
this mangle is provided with a stout metallic bar, with a row of pegs along the 
midSle of one side of it ; and parallel with the line of these pegs there is a deep 
^projecting flange, designed to confine a pinion in its hold upon the pegs as the 
rack traverses backwards and forwards, by acting successively on each side of 
the series of pins ; and the rack is so balanced by weighted levers, that as the 
pinion passes round the endmost peg, at either end the rack is alternately raised 
and depressed. For a particular description of this machine, see Register of 
Arts, Vol. I. New Series, p. 168. 

A new and very simple method of producing the altemSe motion of a 
mangle-box, by the continuous motion of the handle in one direction, invented 
by John Thurrel, was lately communicated to^ the Society of Arts, a plan of 
which is represented in the subjoined engraving, a a is the mangle-box, b b 
parts of the frame which support the axis cc ; (i the cranked handle, e and/ two 
barrels loose on the axis cc; to the barrel e are fastened two cords, one of which, 
after making several coils round the barrel, passes from its under side to the 
eye h, where it is secured; while the other, after having in like manner coiled 
round the barrel, is also delivered from its under side to the eye g. To the 
barrel / are also fastened two cords, which being delivered from the upper side 
of the barrel are respectively fixed in the eyes i and/ The part k of the axis, 
between the barrels, is made square, and is cut out longitudinally to receive the 
lever I, which is secured in its place by a pin, but so as to allow of lateral 
motion between the two barrels ; each of these barrels has a stud m and n, so 
placed that the lever may be shifted to engage either of them, and consequently 
to oblige that barrel with which it may be engaged to revolve, together with 
the axis ; o and p are two alternating irons, each with an eye at one end, 
through which a pin g passes, in order to fasten them to the mangle box ; their 
height above the box is such as to allow them just to clear the axis when passing 
under it, and the motion of each is limited, but on opposite sides, by the 
adjusting pins rr. 



The figure repretents the lever I as engaged with the stud n, and consequently 
as being fixed in the barrel e ; now if the barrel is turned so as to wind up the 
cotd^, the cord g will proportionably unwind, and the mangle-box will move 
from left to right till the end I of the lever comes in contact with the alternating 
iron at the point o. By continuing to turn the handle, the end of the lever 
.slides from o to the end of the iron, and is brought into the position shown by 
dotted lines ; the stud.n is consequently disengaged, and the barrel e becomes 
r loose ; at the same time the lever engages the stud m, and fixes the barrel /. 

The handle being still kifned in the same direction as at first, beginvto w ind up 
f the cord i, and thus makes the box begin to move from right to left, the cord^' 
at tne same time unwinding proportionally. When the left hand alternafing 
iron li^s begun to come r.nder the axle, the end of the lever will touch it a^ a, 
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will slide along it to tlie point of the angle, and in doing so will bring it to the 
position shown in the figure, the barrel e being now fixed, and the barrel f 
being loose. Thus is accomplished the production of an alternating motioS of 
the box, by continuing to turn the handle always in the same direction. The • 
back of the lever i is bevelled off, so that if the handle is turned in a wrong ^ 
direction, it passes between the studs m and n, and not engaging either barrel 
produces no motion of the mangle-box. Fig. 2 is one of the barrels separated; 
and Fig. 3 the square middle part of the axis, showing the slit in which the 
lever traverses. ^ 

In 1823, a patent was taken out by Mr. Snowdon for an erect or vertical 
mangle, by which it was intended to obviate an objection sometimes made to 
the cqmmon horizontal manglea that we have been describing ; namely, the 
great space they occupy. Several patents have indeed been taken out for 
mangles of the vertical kind ; but, for reasons that we are not acquainted with, 
have not been much patronised by public adoption. The following invention 
was patented in 1828, by Mr. Samuel Wilkinson, of Holbeck, in Yorkshire, 
but, as stated in the specification, the machines so constructed were to be called 
“ Bullman’s Cabinet Mangles.” The annexed figure affords a side view of the 
principal parts of the machine, those which are omitted being left out for the 
better elucidation of the more essential parts, a a represents one side of the 
frame, b one of the cheeks supporting the lower roller c ; tlie upper roller d 
rests upon the lower one. Pressure is given by a weighted lever e, suspended 
by the rad/ from another lever which turns upon a fulcrum at h, and has a 



piece of hardened steel k dovetailed into it, against which the axis of d wotis. 
Tile lower mller c has a wheel on its axis, turned by a»]^nion on the axis I of 
the fly whed m, and the fly wheel is made to revolve by a handle on one of its 
arm* Jo raise the upper roller to place under it the articles to be manglfed, 
'the arm g is connected to a similar arm on the oppos^e side by a cross liar n, 
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suspended by a chain from the wheel o, which being turned by the lever », 
elevates the arm ff, and with it the upper roller d. The line r merely repre- 
sents the situation of the mangling cloth. The patentee is silent in his specifi- 
cation as to the mode of working the machine, whether by continuous or 
reciprocating action. Some articles will require to he passed under the rollers 
more than once, and we can discover no method in the present machine, of 
doing this, but by reversing the motion, which will require attention on the part 
of the mangier, who must watch until the goods are nearly past the rollers, and 
then reverse the motion ; whilst the common mangle performs this of itself. 
If the mangling cloth were an endless web passing over other rollers, a rotatory 
motion alone would be required ; but the patentee does not state in his specifi- 
cation that he uses any such arrangement. The machine seems calcul^ed to 
obtain a considerable degree of pressure in a convenient manner. 

The sketch below is taken from a small model of a mangle that was exhi- 
bited amongst others at the National Repository, invented by Messrs. Brook 
and Webster, of Thornhill, in Yorkshire, o is a drum or cylinder, at one end 
of which, and on the same axis is fixed the toothed wheel 6, which is turned by 
the pinion c by the revolution of the winch p. d and e are two rollers, round 
which the cloth to be mangled is wrapped ; these rollers are placed in the 
ciurved arms shown, which turn upon centre pins aXfg ; h and i are levers, the 
bended ends of which fit into sockets in the curved arms ; (in the model, the 
levers were rive lied to the arms, which the editor considered to be inconvenient) 
o 0 are weights suspended to the levers to give the pressure, which can be in- 
creased or diminished at pleasure, either by altering the actual quantities of the 
weights or changing their situation on the levers. In order to remove the 
domes from either of the rollers, or to put others on, the weights must be taken 



off the lever, the lever must be lifted out of its socket or be lifted up with 
the curved arm which turns upon its end, and be thrown back together. With 
some slight modhications (such as an easy mode of removing the load from the 
levers, &e.) this compact mangle may be made very convenient and effective. 

(MANNA. A white sweet juice, which oozes from the trunk, branches, and 
leaves, of several kinds of trees ; but the ash, the larch, and the alhagi aflbrd 
it in the largest quantities. Sicily and Calabria, are the countries from whence 
it is chiefly obtained ; where it flows naturally from the ash, and attaches itself 
to its sides in the form of white transparent drops ; but the extraction of this 
jtSice is facilitated by incisions made in the tree (luring summer. Its smell is 
strong, and its taste #rfeetish, and slightly nauseous. Water dis*>lve3 it, hot 
or^ cold. If it be boiled with lime, darifled with white of egg, and concen- 
trated by evaporation, it affords crystals of sugar. This substance f»rmS the 
basic of many purgatives medicines. ' 
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MANOMETER, an instrument for measuring the rarefaction and conden- 
sation of elastic fluids, but especially that of the atmosphere. It differs from 
the barometer which shows only the weight of the superincumbent colJhm 
of air; whereas the manometer shows the density, which depends on the • 
combined effect of weight and the action of heat. It is sometimes called ^ 
manoscope. Among the various contrivances of this kind may be men- 
tioned that of the Hon. Robert Boyle, which he calls a statical barometer^ 
which consists of a bubble of thin glass about the size of an orange, which 
being counterpoised in an accurate pair of scales, rises and sinks with the alter- 
ations of the atritosphere. This instrument, however, does not show the cause 
of the difference of density in the atmosphere, whether it be from a change of 
its own weight, or its temperature, or both. The manometer constructed by 
Mr. Rumsden, and used by Capt. Phipps, in his voyage to the North Pole, was 
composed of a tube of small bore with a ball at the end ; the barometer being 
2.97, a small quantity of quicksilver was put into the tube, to take off the com- 
munication between the external air and that confined in the ball, and the part 
of the tube below this quicksilver. A scale is placed on the side of the tube, 
which marks the degrees of dilatation arising from the increase of heat in this 
state of the weight of the air, and has the same graduation as that of Fahren- 
heit’s thermometer, the point of freezing being marked 32“. In this state, 
therefore, it will shew the degrees of heat in the same manner as a thermo- 
meter. But if the air becomes lighter, the bubble inclosed in the ball being 
less compressed, will dilate itself, and take up a space as much larger as the 
compressing force is less ; therefore the changes arising from the increase of 
heat will be proportionably larger, and the instrument will show the differences 
in the density of the air, arising from the changes in its weight and heat. 
Mr. Ramsden found that a heat equal to that of boiling water, increased the 
magnitude of the air from what it was at the freezing point by of the 
whole. Hence it follows, that the ball and part of the tube below the begin- 
ning of the scale, is of a magnitude equal to almost 414 degrees of the scale. 
If the height of both the manometer and thermometer be given, the height of 
the barometer may be determined also. 

MAPLE. From the juice of this tree obtained by tapping, the Americans 
prepare a sugar, and the Highlanders, it is said, an agreeable wine. 

MARANTA, or Indian Arrouj Root. From this root, washed, pounded, and 
searced in water, is obtained the fashionable starch called arrow-root, much 
used for infant and invalid food. 

MARBLE, a fine kind of lime-stone, (a carbonate of lime ;) it is found in 
extensive masses in most parts of the world. It occurs in beds in granite, 
gneiss, &c , rarely in secondary rocks, but is found in all the great ranges of 
primitive rocks in Europe. Its hard, compact texture, semi-transparency and 
lustre, when polished, has made it a great favourite in architecture and house 
building. The finer kinds, especially those used by the statuary ^e chiefly 
obtained from Italy ; but there are a great variety of beautiful marbles in Great 
Britain and Ireland. See Jamesons Wmevdogy, Vol. II. For an improved 
method of sawing marble and other hard stone, see Sawing. An artificial mar- 
ble is frequently made from plaster of Paris, quicklime, salt, ox-blood, pieces 
of glass, and stones of different colours. These are beaten to an impalpable 
powder, and mixed up to the consistency of paste with beer »r milk. When 
thoroughly dried in the form which is intended to be given to it, it is rubbed 
with sand paper and polished with emery and oil. Mr. Wilson’s process ^t' 
making artificial stone chimney pieces, is described under the article Stonk. 

MARBLING of books. See Bookbinding. 

MARINE ACID. See Acid Muriatic. 

MARINER’S COMPASS. See Compass. 

MARL. An earth, of which there are three principal kinds, the calcareouJ, 
the argillaceous, and the siliceous; according as the lime, the clay, and the 
silex abound m them. '■ 

MARI.INE-SP1KE. An iron tool, tapering to a point, used to separate tlTe 
strands of a rope, in order to introduce those of anothere when they are to be 
spliced, or joined evenly, without knotting. ^ 
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MARQUETRY. A kind of inlaid work, composed of a tasteftil variety 
of Hne woods, of different shades and colours, glued or fastened in thin slices 
on S solid ground ; the work is not unfrequently enriched with silver, brass, 
tortoiseshell, ivory, and other beautiful substances ; and the pieces, duly 
^ prepared beforehand, are successively laid together according to a design or 
drawing. 

* MASONRY. . The art of hewing and preparing stones of their due propor- 
tions and figure, and of joining them together, in building houses, and other 
works. 

MASSICOT. The yellow oxide of lead. See Lead, and Baintino. 

MAST. A long round piece of timber, raised perpendicularly on the keel 
of a ship, upon which are attached the yards, the sails, and the rigging. A 
mast, according to its length, is either formed o"f one single piece, which isscalled 
a pole mast, or composed of several pieces joined together, each of which retains 
the name of mast separately. A lower mast being the lowest, is accordingly so 
called ; the foot of it rests on a block of timber called the step, which is fixed 
on the keelson. A top mast is raised at the head or top of the lower mast, 
through a cap, and supported by trestle trees, (See the article Fid.) The 
top-gallant mast, is a smaller mast than the preceding, and is secured to 
its head in the same manner. The tap-gallant royal mast is a yet smaller 
mast sometimes raised above the last mentioned ; but in some ships it denotes 
a continuation of the top-gallant mast, above the rigging : it is then called 
a pole top-gallant, to distinguish it from a stump top-gallant mast, which termi- 
nates just above the rigging. The main-mast is the largest mast in a ship, and 
stands nearly in the middle, between the stem and the stem. The fore-mast is 
that which stands near the stem, and is next in size to the main-mast. The 
mizen-mast is the smallest mast, and stands about half way between the main 
mast and the stem. Made-mast is a term applied to a mast composed of several 
pieces of timber in contradistinction to those made of a single stick. Rough- 
mast, denotes a spar fit for making a mast Besides the parts already men- 
tioned, in the constmetion of masts, with respect to their length, the lower 
m^ts of the largest ships are always made of several pieces of timber firmly 
united, by stout iron hoops. As these are generally the most substantial parts 
of various tiers, a mast thus formed is esteemed stronger than one consisting 
of only a single timber, the strength of which, by internal defects, may be con- 
siderably impaired. Attempts were made some years ago to introduce hollow 
masts, the invention of Mr. George Smart, of Westminster Bridge; and they 
were, we believe, partially adopted for small vessels ; such masts, from their 
cylindrical figure, being stronger than solid masts, containing a similar mass or 
weight of materials. Sir Robert Seppings bas likewise distinguished himself, 
amongst his other improvements in snip building, in the construction of masts, 
for which he took out a patent; the specification of which informs us that, for 
ships of fhe line, frigates, and large merchantmen, whose masts are more than 
33 inches in diameter, they are to be composed of twelve principal pieces, in 
the following manner. Four pieces of small square balk timber are to be united 
diagonally, so as to form a hollow sqtiare in the centre. Externally on each of 
these four pieces are to be tree-nailed two additional pieces. The twelve pieces 
thus united, are now to have their angular edges cut away, and planed down 
so as to bring tfip whole to a circular figure, when an iron hoop is to be placed 
round them, and the angular spaces filled up with slips of wood. In connecting 
"il^g pieces of timber so as to form the required length of mast, bars of iron are 
to be inserted longitudinally into mortices made in both to receive them • and 
the several pieces are to cross each other or “ break-joint.” In constructing 
the masts for smaller vessels than before mentioned, only eight or four balk 
timbers are to be employed, (according to their dimensions,) which are to be 
connected longitudinally and transversely in a similar manner to that described. 
Hollow masts so forced, are not only much stronger than when soli.l, but they 
^ g''cat economy in the cost, in the lacility of making, an# of transpor- 

A patent for ■' Imptovements in Masting Vessels,” was taken out*in 1820, 
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by Mr. Thomas Guppy, of Uristol ; from the enrolled specification of which, we 
collect the following information, exhibiting the principal features of the inven- 
tion. Instead of a single pole fixed in the keel, in nearly a vertical position, ^ 
constituting what is called a mast, the patentee employs two poles or spars, the 
heels of which are fixed on to the opposite extremities of the beam of a vessel, • 
and likewise to the sides ; the poles are then so inclined to one another, as to 
be connected at their upper ends, and thus form with the line* of the deck aif 
isosceles triangle ; this is the outline of the construction as applied to sloops, or 
ordinary fore an^aft rigged vessels. For square rigged or larger vessels, the 
poles are not joined at their upper extremities, but at several feet below it, 
where they cross one another, presenting the figure of an open pair of shears. 

In all c^ses, however, the lower ends of the poles are fastened in the situation 
and in the manner before-mentioned. Thus situated, they are invested with 
the important property or capability of being lowered forward or aft, as the 
occasion may render desirable, hy the employment of hinge joints at their 
extremities, close to the deck. At the junction of the poles above, suitable 
arrangements are made for the fixing of top masts therein, which are provided 
with gear for that purpose, as well as for the masting of other vessels ; for load- 
ing or unloading vessels ; and for those other purposes for which sheers are 
usually employed on board of ships. The principal rigging for these “ double 
pole masts ” are the fore and aft stays, the ordinary side shrouds being compa- 
ratively unimportant, except for the purpose of going aloft. At Fig. 1 in 
the annexed engraving a a are the two poles, having joints at b b, from whence 
proceeds a strong iron band which clasps the opposite ends of the beam c, 
which underneath diverges into two iron straps, that are bolted to the side of 
the vessel. This arrangement is explained by Fig. 4, which exhibits a perspec- 
tive side view of the iron work which connects the poles to the vessel, with a 
portion of the beam, and a pole c c is the beam, with the iron band bolted to it, 
and showing the straps d d that are secured to the sides of the vessel, and are 
turned up flatways towards them. The poles are connected together at e by a 
stout iron band, by scarfing atid crossing each other, as shown by the separate 
Fig. 2 in perspective ; / is the top, where the upper ends of the poles are 
strongly secured to one another by straps and bolts ; g is the lower end of the 
top-mast, which passes through a bole adapted to it in the top, with its heel 
resting upon an iron projection, which is of one piece with the band e. For 
sloops and fore and aft rigged vessels generally, the poles a a terminate at their 
junction, and are united by scarfing, previous to putting on the strong iron 
band. The mode of scarfing the patentee leaves to the genius of the mast 
maker, but at the same time points out one mode which he most approves of, 
and which, perhaps, cannot be much excelled. This mode is shown in the 
perspective sketch. Fig. 3 Connected to the band which unites the poles 
together, are fixed long iron links i i, for hooking in, or seizing the shsouds to. 

A few years ago Lieut. Molyneux Shuldham, R.N. took out a patent for 
revolving masts, '\)ae enrolled specification of which exhibits in sixty-five diagrams 
and designs, numerous modifications and applications of the principle to various 
descriptions of inland as well as sea-going vessels. As our space will only admit 
of a brief outline of the nature of the invention, we must refer the reader who 
may be solicitous for the details, to the inrolled document in Chancery-lane, 
and to some beautiful models illustrative of the inventions (constructed by the 
talented inventor’s own hands), exhibited at the National Museum of the. 
Mechanical Arts, in Leicester-square, London. The mast instead of being, %a 
in ordinary vessels, a fixture, is herein made to revolve upon its axis, or turn 
horizontally upon its heel, carrying with it the sails, yards, and other rigging 
attached to it, and thereby instantly changes the direction of the vessel’s 
motion. The power required to perform these evolutions may be the wind qp 
manual labour, or both conjointly. As the action of tl^e^wind will naturally 
tend to prodilfce the desired effect in both cases, whatever manual force may be 
requited to assist the operation must be very little indeed; that is to say, 
according to modern phraseology, the maximum of effect is produced by a 
mini#iura of labour. It will be evident from this arrangement of the machi- 
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nery of a ship, that fewer hands will he required to work it, that the running 
rigging may be much simplified and curtailed, and the wear and tear greatly 
rMuced. These improvements are considered applicable to open boats, deck 
boats, and small craft in general ; to vessels employed in inland navigation, 
coasting vessels, and particidarly those navigating intricate channels and 



rivers. But Mr. Shufdham does not consider them applicable •to vessels of 
vgu" and vessels of small tonnage, that carry lumber in their decks, owing to 
the room required for Bie revolving bases ol the masts. 4 he masts are*variously 
sup])ortcd, according to the tonnage of the vessels ; in decked boats and^maH 
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vessels, an iron or wooden pivot is sufficient ; in larger vessels anti-friction 
rollers are fixed to the revolving base, which work between two annular plates, 
secured to the gunwliales and deck. , 

MASTIC. A resinous substance in the form of tears, of a pale yellow 
colour, and farinaceous appearance ; having little smell and a bitter taste. It 
flows naturally from the tree ; but this process is accelerated by making inci- 
sions in the bark. It is extensively used in the composition of varnishes.^ 
Pure alcohol and oil of turpentine dissolve it chiefly, the residfte partaking ot 
the nature of caoutchouc. An agreeable odour is given out by mastic when 
heated ; it is, in opnsequence, much used in fumigations, and in the fabrication 
of pastiles. 

M.'VTTER is generally understood to mean that solid, inert, divisible sub- 
stance, accessible to the senses, of which all bodies in the universe are formed. 
Dr. Woodward was of opinion that matter is originally, and is really, various; 
Sir Isaac Newton, however, considered matter as homogenous in all bodies, and 
the diflerence of form to be owing to a varied arrangement of the corpuscles of 
one homogenous substance. That matter is one and the same thing in all 
bodies, and that all the varieties we observe arises from the various shapes it 
puts on, seems very probable, from a general observation of nature in the gene- 
ration and destruction of bodies. Thus water rarefied by heat becomes vapour, 
a great collection of which forms clouds ; these condensed, descend in hail or 
rain ; part of this collected on the earth constitutes rivers ; another part com- 
bines with earths or metallic matter, forming minerals and crystallized salts; 
another enters the roots of plants, and expands itself into all the wonderftd 
variety and magnificence of the vegetable creation. From the vegetable matter 
animals derive their support and means of reproduction ; and however these 
mineral, vegetable, and animal productions may change, the same individual 
matter is never destroyed, but reappears under other combinations. 

MATRIX. The stone in which metallic ores are found enveloped ; the same 
term is applied by type-founders to the metallic mould in which the letters are 
cast. 

MEAD. A wine prepared from honey; a quantity of good honey, with 
rather more than its weight of water is to be boiled, scummed, and evaporated 
until it is of a consistence that will float an egg; the liquor is then to be strained 
and poured into a barrel ; this barrel, which ought to be nearly full, must be 
exposed to a heat as equable as possible, from 75° to 90° Fahr., keeping the 
bung-hole slightly covered but not closed. The spirituous fermentation will 
take, and continue during two or three months, according to the heat. During 
this fermentation, the barrel is to be occasionally filled up, with more of the 
liquor of honey (previously saved for that purpose) to replace that which flows 
out in froth. When the fermentation ceases and the liquor has become vinous, 
the barrel should then be closed and stored in a cool cellar. In twelve months 
it is fit for bottling. • 

MEAL. The flour and bran of com in the mixed state ; they proceed from 
the mill before they are separated by a bolter or dressing machine. 

MEASURE. A quantity assumed at ple&ure, and considered as unity, or 
one, to which the ratio of other quantities being determined, their relative mag- 
nitude, both to the assumed unit, and to each other, will be known. The quan- 
tity assumed as unity, is called the measuring unit. Thus, to measure any- 
proposed line, we assume a line of an inch, a foot, a yard, &c., aS the measuring 
unit ; suppose this to be an inch ; then as many times as it is contained in the ^ 
proposed line, so many inches will that line be in length. If the proposed live 
be less than the measuring unit, whatever part that line is of the measuring 
imit, the same part of an inch will the measure of that line be, and the like of 
feet, yards, &c. To measure a superfices, a square whose sides are an inch, a 
foot, a yard, &c. is the measuring unit ; and as many times as this is contained 
in, or contains the given superfices, such will be the measure of that superfices^ 
as was show* in the line. To measure a solid, a cube l^llose lineal side is an 
inch, ^ foot, a yard, &c., is assumed as the measuring unit ; and as many timej 
as this urtt is contained in, or contains the given solid, so many cubic inches. 
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feet, yard, &c., or parts of one of them, will the proposed solid be. The 
measure for lines or length is termed Imetd or long measure ; that for surfaces 
suferficial measure ; and that for solids or capacities, cubic or solid measure. 

In 1825 a Bill was passed through Parliament for altering weights and mea- 
sures previously in use, the preamble of which states, “ whereas it is necessary 
for the security of commerce, and for the good of the community, that weights 
find measures should be just and uniform : and whereas notwithstanding it is 
provided by the Great Charter, that there shall he but one measure and one 
weight throughout the realm, and by the treaty of union between England and 
Scotland, that the same weights and measures should be used#throughout Great 
Britain, as were then established in England; yet different weights and measures, 
some larger, and some less, are still in use in various places throughout the United 
Kingdom of Great Britain and Ireland, and the true measure of the present standard 
is not verily hnoum, which is the cause of great confusion and of manifest frauds ; 
for the remedy and prevention of those evils for the future, and to the end that 
certain standards of weights and measures should be established throughout the 
United Kingdom of Great Britain and Ireland, the new standards are denomi- 
nated imperial, and the rationale of the system by which they have been deter- 
mined is thus explained. Take a pendulum which will vibrate seconds in 
London, on a level of the sea, in a vacuum : divide all that part thereof which 
lies between the axis of suspension and the centre of oscillation into 39-1393 
equal parts; then will ten thousand of those parts be an imperial inch; '12 
whereof make a foot, and 36 whereof make a yard. 

The standard yard is determined to be, “ that distance between the centres of 
the two points in the gold studs in the straight brass rod, now in the custody- of 
the clerk of the House of Commons, wherein the words and figures ‘ Standard 
Yard, 1760,’ are engraved, which is- declared to be the genuine standard of the 
measure of length called a yard ;” and as the expansibility of the metal would 
cause some variation in the length of the rod in different degrees of tempera- 
ture, the act determines that the brass rod in question shall be of the tempera- 
ture of 62® Fahr. The measure is to be denominated the “ Imperial Standard 
Yard,” and to be the only standard whereby all other measures of lineal extension 
shall be computed. Thus the foot, the inch, the pole, the furlong, and the mile, 
shall bear the same proportion to the imperial standard yard as they have 
hitherto borne to the yard measure in general use. And should it happen that 
the aforesaid brass rod of 1760 be lost, defaced, or destroyed, a reference to the 
invariable natural standard afforded by the pendulum before mentioned, will 
enable it to be restored with the utmost exactness. 

The standard gallon is determined by the act to be such measure as shall 
contain 10 lbs. avoirdupois weight, of distilled water, weighed in air, at the 
temperature of 62°. of Fahr., the barometer being at 30 inches, to be used as 
well for wine, beer, ale, spirits, and all sorts of liquids, as for dry goods, not 
measured by heaped measure ; and that all other measures shall be taken in 
parts or multiples of the said imperial standard gallon, the quart being the 
fourth part of such gallon, and Jhe pint one-eighth part ; two such gallons 
making a peck, eight such gallons a bushel, and eight such bushels a quarter of 
com, or other dry goods not measured by heaped measure.” 

Heaped measure. — “ That the standard measure of capacity for coals, lime, 
culm, fish, potqfoes, or fruit, and all other goods, and things commonly sold by 
heaped measure, shall be the aforesaid bushel, containing 80 lbs. avoirdupois 
• 0 ^ water, as aforesaid, the same being made round with a plane and even 
bottom, and being 19 J inches from outside to outside of such standard measure 
as aforesaid : ” and goods thus sold by heaped measure shall be heaped “ in the 
form of a cone, such cone to be of the height of at least six inches, the outside 
of the bushel to be the extremity of the base of such cone;" three such bushels 
ahall be a sack, and twelve such sacks shall be a chaldron. 

Stricken meaJKre.-»-Xhe last-mentioned-goods may be sold either by the heaped 
measure or by the standard weight (see tfie article Weight) ; bift for all other 
Kind of goods not usually sold by heaped measure, which may be sold or agieed for 
by pleasure, the same itandard measure shall be used, but it shall not be heaped, 
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but stricken with a round stick or roller, straight, and of the same diameter from 
end to end. • 

Tlie following tables, which are in accordance with the new standard, it will ^ 
be proper to insert in this place ; — 

Measures of Length. ^ 

12 inches are equal to 1 foot. 

3 feet = 1 yard. 

• 5J yards = 1 rod or pole. 

40 poles = 1 furlong. 

8 furlongs = 1 mile. 

• 69- miles = 1 degree of a great circle of the 

earth. 

An inch is the smallest lineal measure to which a name is given, but mechanics 
subdivide it generally into eighths and sixteenths ; measures or “ rules ” are 
however constructed by the rule-makers with every possible variety of subdi- 
visions or scales of the parts of an inch that can be required by artificers, engi- 
neers, and scientific persons. 

The following particular measures of length are in general use : — 


1 nail = 
1 quarter = 
1 yard = 
1 ell = 
1 hand = 
1 fathom = 


1 link = 
1 chain = 


2i inches -v 

4 nails I measuring cloth. 

4 quarters f 

5 quarters ) 

4 inches . . . used for measuring the height of horses. 

6 feet .... used in measuring depths. 
f used in measuring land, to facilitate 

< computation of the contents, 10 square 
100 links V chains being equal to an acre. 


7^ inches 


Measures of Surface. 


144 square inches are equal to 
9 square feet = 

SOJ square yards = 

40 perches = 

4 roods or 1 60 perches = 

640 acres = 


1 square foot 
1 square yard. 
1 perch or rod. 
1 rood. 

1 acre. 

1 square mile. 


Measures of Solidity. 

1728 cubic inches = 1 cubic foot 

27 cubic feet = 1 cubic yard. 


4 gills = 
2 pints = 

4 quarts = 
2 gallons = 
8 gallons = 
8 bushels = 

5 quarters = 


Imperial Measures Bf Capacity, 

= 1 pint = 34| cubic inches nearly. 


1 quart = 69i „ 

1 gallon = 277J „ ^ 

1 peck = 554i ,, 

1 bushel = 221 8i 

1 quarter = 10| cubic feet nearly. 
1 load = 51i „ 


The foregoing measures are used for all. liquids, and for all dry goods, except 
culm, lime, fish, potatoes, fruit, and other goods commonly sold by heaped 

measure. . , 

• 2 gallons = 1 peck = 704 cubic inches nearly. 

^ 8 gallons = 1 bushel = 281.>J „ • 

• 3 bushels = 1 sack = 4^ cubic feej nearly. 
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A knowledge of the comparative value of English and French measures 
beii^ indispensable to every scientific reader, we add the following calculation 
of them by Dr. Duncan, jun. : — 


1. French Measures of Length, the metre being at 32°, and the foot at 62° 


Millimetre 

= 

.03937 English inches 

Centimetre 

= 

.39371 

Decimetre 

= 

3.93710 „ 

Metre 

= 

39.37100 

Decametre 

= 

393.71000 „ 

Hecatometre 


3937.10000 „ 

Kilometre 

— 

39371.00000 „ 

Myriometre 

= 

393710.00000 „ 

2. French 

Measures of Capacity. 

Millilitre 


.06103 English cubic inches. 

Centilitre 

= 

.61028 

Decilitre 

= 

6.10280 „ 

Litre 


61.02800 

Decalitre 

= 

610.28000 „ 

Hecatolitre 

= 

6102.80000 „ 

Kilolitre 

= 

61028.00000 „ 

Myriolitre 

= 

610280.00000 „ 


For the comparative value of English and French measures of weight, see 

Weight. 

MECH.A.NICS is a science which treats generally of the action of forces 
on solid bodies, and the construction and use of machinery. When forces 
acting upon a body in different directions produce equilibrium, it is investigated 
under the head of Statics ; but when the acting forces are so applied as to 
produce motion, it constitutes a case in Dynamics, which see. 

MECHANIC POWERS are those simple machines or elements that enter 
into the construction of the various parts of machinery : they are usually con- 
sidered to be six in number ; viz. the lever, the wheel and axle, the pulley, the 
inclined plane, the wedge, and the screw. It may be easily shewn, however, 
that these are capable of being reduced to greater simplicity. Thus the wheel 
and axle is only a succession of levers, and the wedge and screw are merely 
modifications of the inclined plane ; hence aU the varieties of machinery are 
reduced to these three simple elements : 

• 1. The lever. 

2. The pulley. 

3. The inclined plane. 

In treating of the use of simple machines, it is 
usual to consider all bars as perfectly inflexible, 
cords as perfectly flexible, and surfaces to move on 
each other witliort friction, and afterwards to make 
allowances for these disturbing forces to the weight 
tajped, as 1 to 2. In the diagram, a « 6 is the 
movable pulley supporting the weight at e; 
c a e bp is a cord passing under the movable 
pulley, and over the fixed pulley at d. Now, as 
the whole weight is supported by the two portions 
oS the cord c a and d b, each of them sustains one 
half, and as the passagt of the cord over the fixed 
pidley makes no difference in the proportion, it is 
clear that the power p is equal to half the 
weight. » 
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When the cords are not parallel, as in the annexed 
diagram, the angle made by the cords with the per- 
pendicular must be noticed. Thus the force acting 
in the direction / c must be resolved into two others, 
one pulling in the direction e c, and the other in fe. 

Now the force in e c does not all act in supporting 
the weight, which is wholly sustained by that inf e: 
hence the power is to the weight as cf is to twice 
e f; and as cf is greater than ef, the power must 
be greater thwi one-half the weight, and, conse- 
quently, there is a loss of power by the obliquity of 
the cords. Sometimes the lower or movable pulley 
consists of a block containing several small wheels or sheaves, in which case, 
the apparatus is termed a block and faU. The power with such a pulley is 
easily calculated, by observing the number of cords by which the lower block 
or fall is supported. If the fall be suspended by six ropes, of course each will 
sustain one-sixth of the weight, and the power will be to the weight as 1 to 6. 
In every combination of this kind, therefore, the power is to the weight 
as 1 to the number of cords supporting the lower block, or as 1 to twice the 
number of sheaves in the faU. 

A modification of this arrangement is seen in the following diagram {Fig. 1 ), 
of White’s pulley : it consists of a number of concentric grooves, formed in a 
solid mass of brass, &c., the diameters of the grooves being regulated by the 
quantity of cord that has to pass over each. As these all move on a single 
axis, considerable reduction of friction is obtained ; but the great difficulties 



Fig. 1. 




attending the construction of this apparatus seem insuperable obstacles to its 
extensive employment. The power is calculated as in the last example, 
the differejjt arrangements hitherto mentioned, a sh%le cord is employed 
passing round all the pulleys ; and if attention be given to the spaces pa^ed 
ovef bj»the part attached to the power and that affixed to the weight, it will be 
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seen that the same law obtains as in the other mechanic powers, — the space 
passed over by the power exceeding that passed over by the weight, as much 
as Ae weight exceeds the power. 

• In this arrangement different cords are employed (as in Fig. 2 in the preceding 
page), one to each pulley ; there being three movable pulleys, the power is to 

* the weight as 1 to 8 : thus suppose the power to be 1 lb., the cords a b and c I 
veil each suppor,t 1 lb.; hence the cords supporting the pulley ef will each 
sustain 2 lbs., and the cords supporting h i will each bear 4 lbs. Or, suppose 
the weight to be sustained by the cord Icih, each will support one-half; the 
cord gf e will support one-fourth, and c I b will sustain Aie-eighth. In 
movable pulleys, then, with separate cords to each pulley, the power is to the 
weight as the number 2 raised to a power equivalent to the number of pulleys 
employed. If the number of pulleys had been four, the power gained would 
have been 2X2X2X2=16. 

Another combination, somewhat similar, is seen in the next figure (Fig. 1), 
in which the several cords are attached to the weight; this makes a little differ- 
ence in the amount of power gained. A power p of 1 lb. will sustain a part of 
the weight equal to 1 lb. This power of 2 lbs. acting at d, will support an equal 
portion of the weight, which, again acting witli double force at g, will sustain 
4 lbs-; hence the quantity supported isl-f-2-1-4 = 7 times the power. 


Fig. 1. 




Another somewhat different arrangement is shown in Fig. 2, in which the 
one cord passes over a fixed, and the other, over one of the movable pulleys. 
A power of 1 lb. at p would support a weight of 2 lbs. at w, and an equal 
advantage is gained by the attachment of the cord passing over the fixed 
pulley a ; the polker is therefore one-fourth of the weight. Other combinations 
gpmetimes occur, the nature of which will, it is presumed, be understood by 
refft'ence to those above explained. 

MEPHITIC is a term often applied to carbonic acid. 

MERCURY is a metal distinguished from all others by its extreme fusibility, 
which is such that it does not take the solid state until it is cooled to the 39® 
bdow 0 in Fahrenheit’s thermometer, and is therefore always fluid in the tem- 
perate climates of the^earth. From this circumstance, and its resemblance to 
silver in colour and metallic splendour, it has been usually denominated quick- 
sUmr. The term mercury, although almost universally employed by chei^ical 
authors, is strongly oi^ected to by Mr. Grav, the author of The, Operative 
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Chemist, who complains that “medical authors and chemists of the medical 
professions, still continue to call this metal (which he denominates quick) mer- 
cury, that name having been formerly used by the priest-physicians and priest- 
chemists, to mystify and hoax their patients and the public. It were to be 
wished that now chemistry and medicine are almost exclusively in the hands of 
the laity, they would abstain from this ridiculous mummery.’’ The same author 
also informs us that there are two kinds of quicksilver in the market, — Spanislf 
and Austrian, both of which are very pure ; and that “ the source of the impure 
quicksilver in th^ apothecaries’ shops, is the purchase of the quick from the sil- 
vering tables of bankrupt or deceased looking-glass makers, which is of course 
impregnated with tin, and sometimes lead and bismuth ; this quicksilver is 
cheaper than the pure, and is thought by them good enough for making blue 
pill ana blue ointment.” Mr. Gray does not, however, censure this pernicious 
practice of the laity, notwithstanding he is so indignant at the presumed alter- 
ation of a mere term of doubtful propriety by our learned forefathers. The 
specific gravity of merciu-y is at 212“ Fahr. 13.375 ; at 160“, 13.580, and at 40° 
below zero it increases to 15 632, when it is a malleable solid body. It is vola- 
tile, and rises in small portions at the common temperatnres of the atmosphere, 
as is evinced by several experiments, more especially in a vacuum, such as 
obtains in the upper part of a barometer tube. At the temperature of 650“ it 
boils rapidly, and rises copiously in fumes : it has been attempted to employ the 
mechanical force which it then exerts as a motive power similar to that of the 
steam engine ; but the loss of the metal, by the extreme subtlety of the vapour 
passing apparently impervious joints, occasioned, we are informed, its abandon- 
ment. Mercury is sometimes found native, but generally combined with sul- 
phur, when it is denominated cinnabar; it is separated from the sulphur by 
distillation with quicklime or iron filings. Owing to the property which mer- 
cury possesses of dissolving completely some of the baser metals, it is e.xtremely 
liable to adulteration ; and the union of the metals is so strong, that they even 
rise with the quicksilver when distilled. The impurity of mercury is generally 
indicated by its dull aspect ; by its tarnishing and becoming covered with a coat 
of oxide on long exposure to the air ; by its adhesion to the surface of glass ; 
and when shaken with water in a bottle, by the speedy formation of a black 
powder. Lead and tin are frequent impurities, and the mercury becomes 
capable of taking up more of these if zinc or bismuth be previously added. In 
order to discover lead, the mercury may be agitated with a little water, in order 
to oxidize that metal ; pour off the water and digest the mercury with a little 
acetic acid : this will dissolve the oxide of lead, which will be indicated by a 
blackish precipitate with sulphuretted water ; or to this acetic solution, add a 
little sulphate of soda, which will precipitate a sulphate of lead, containing, 
when dry, 72 per cent, of metaL If only a very minute quantity of lead be 
present in a large quantity of mercury, it may be detected by solution in nitric 
acid, and the addition of sulphuretted water. A dark brown precijfitate will 
ensue, and will subside, if allowed to stand a few days ; one part of lead may 
thus be separated from 15,263 parts of mercury. Bismuth is detected by 
pouring a nitric solution, prepared without heat, into distilled water ; a white 
precipitate will appear if this metal be present. Tin is manifested in like 
manner by a weak solution of nitro- muriate of gold, which throws down a 
purple sediment ; and zinc, by exposing the metal to heat. Y(heu the metallic 
mixtures contain a sufficient quantity of mercury to render them soft at a mean 
temperature, they are called amalgams. Although it is obvious, from the kuo^vij 
inferior specific gravity of iron, lead, and silver, that pieces of these metals will 
float in mercury, like wood in water, it nevertheless forms a very interesting 
phenonrenon. Mercury is readily soluble in acids, as may easily be ascertained ; 
and from its very extensive use in medicine, there are very numerous prepara- 
tions of it, by which it may be exhibited in powders, pills, or drops. The most 
usual is caiimel, which is a preparation of mercurjvand muriatic acid, or 
chlorine, and is hence called, according to the modern nomenclature, proto- 
chlofidi» of mercury. The deuto-chloride, or corrosive sublimate, is anotSer 
combination of mercury and chlorine, and forms one ot the most powerful and 



142 


METALS. 


useful, but dangerous medicines, man has ever discovered. Mercury wiH readily 
unite with sulphur. Melt some sulphur in a crucible on the fire, then add a 
liftle mercury, and stir the whole well together, and a sulphuret of mercury, or 
cinnabar, will be formed. That beautiful scarlet pigment called vermilion (see 
the separate article) is also prepared irom mercury and sulphur, and is called 
by chemists the red sulphuretted oxide of mercury. The property of mercury 
•dissolving a certain portion of gold and silver, enabled alchymists to impose 
upon mankind, and make it appear as if they had succeeded, in a small degree, 
in discovering the secret of turning metals into gold and silvej. In their opera- 
tions they employed mercury in which small portions of these metals had been 
dissolved ; and as the mercury was evaporated by great heat, and left the gold 
and silver behind, the bye-standers were made to believe that these metals had 
actually been produced in operation by the skill of the experimentalist. Looking- 
glasses and mirrors are covered on the back with an amalgam of tin, and the 
glasses are afterwards loaded with weights, to press out gradually the superfluous 
mercury, which thus exudes from the amalgam. Amongst the numerous uses 
of this valuable metal, the application of it in the construction of barometers 
and thermometers is not the least important. See those inventions. 

METALLURGY, in a general sense, comprehends the art of working 
metals from the state of ore to the utensil ; and in this sense, assaying, smelt- 
ing, refining, smithery, ftc^ are branches of metallurgy. In a more limited 
sense, however, it includes only the separation of metals from their ores, or 
other combinations. Few metals are found in a pure state ; gold, silver, and 
copper are sometimes exceptions ; tbe other metals are generally found in the 
state of ores, in which they are mixed and blended with other substances, so as 
not to have the ductility, lustre, or other qualities of metals. Sometimes tbe 
ore is only a pure oxide, and requires but the abstraction of the oxygen, by 
fusion with inflammable substances. The ores of metals are always separated 
fi-om the rocks on each side by a quantity of spar, quartz, or sometimes softer 
clay or earth, called the matrix or rider. The first operation in metallurgy is 
to separate the ore from the matrix ; but when the ore is found in large masses, 
most of it can be obtained by the miner’s implements free from the matrices, 
and those portions that adhere are knocked off by hammers. In other cases, 
when the ore is intimately mixed with the matrix, it becomes necessary to resort 
to different processes, such as roasting, pounding, and washing ; the latter 
operation effecting the separation by the difference of specific gravity of the 
mixed matters ; the earthy parts being floated away, leaving the metallic portion 
behind. See the following article. 

METALS. A numerous class of undecompounded bodies, which are distinguish- 
able by their lustre, ductility, malleability, tenacity, opacity, &c. They are fusible 
by heat, and in fusion retain their lustre and opacity ; and they are all, except sele- 
nium, excellent conductors, both of electricity and caloric. When they are exposed 
to the aerfon of oxygen, chlorine, or iodine, at an elevated temperature, they 
generally take fire, and combining with one or other of these three elementary 
dissolvents, in definite proportions, are converted into earthy or saline-looking 
bodies, devoid of metallic lustre and ductility, called oxides, chlorides, or iodides. 
They are capable of combining in their melted state with each other, in almost 
every proportion, constituting the import-ant order of metallic alloys. From their 
brilliancy and opacity conjointly, they reflect the greater part of the light which 
falls on their surface, and hence form excellent mirrors. “The relations of 
the metals to the various objects of chemistry," Dr. Ure observes, “ are so 
cofeplex and diversified as to render their classification a task of peculiar diffi- 
culty. I have not seen any arrangement to which important objections may 
not be offered ; nor do I hope to present one which shall be exempt from criti- 
cism. The main purposes of a methodical distribution are to facilitate the 
asquirement, retention, and application of knowledge. With regard to metals 
in general, I conceiveitJiese purposes may be to a considerable extqpt attained, 
by beginning with those which are most eminently endowed with the charac- 
tefi of the genus, which most distinctly possess the properties that cansiftute 

their value in common life, and which caused the earlv inhabitants of the earth 

• - •' « 
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to give to the first metallurgists a place in mythology. Happy had their idolatry 
been always confined to such real benefactors ! By arranging metals according to 
th# degree in which they possess the obvious qualities of unalterability.by common 
agents, tenacity, and lustre, we also conciliate their most important chemical 
relations, namely, those to oxygen, chlorine, and iodine ; since their metallic 
pre-eminence is, popularly speaking, inversely as their afiinities for these dis- 
|olvents. In a strictly scientific view, their habitudes with oxygen should 
perhaps be less' regarded in their classification than with chlorine, for this 
element has the most energetic attraction for the metals. But, on the other 
hand, oxygen, which forms one-fifth of the atmospheric votume, and eight- 
ninths of the aqueous mass, operates to a much greater extent among metallic 
bodies, and incessantly modifies their form, both in nature and art. Now the 
order we propose to follow will indicate very nearly their relations to exygen. 
As we progressively descend, the influence of that beautiful element progres- 
sively increases. Among the bodies near the head, its powers are subjugated 
by tire metallic constitution ; but among those near the bottom, it exercises an 
almost despotic sway, which Volta’s magical pile, directed by the genius of 
Davy, can only suspend for a season. The emancipated metal soon relapses 
under the dominion of oxygen.” This table is given at page 143. 

The first 12 metals are malleable, and so are the 30th, 31st, and 32d, in their 
congealed state. The first 16 yield oxides, which are neutral salifiable bases. 
The metals 17, 18, 19, 20, 21, 22, and 23, are acidifiable by combinatiqn with 
oxygen. Of the oxides of the rest, up to the 30th, but little is known. The 
remaining metals, sodium, lithium, calcium, barium, strontium, magnesium, 
yttrium, glucinum, aluminum, thorinum, zirconium, and silieium, form, with 
oxygen, the alkaline and earthy bases. 

MICA. A mineral, which Professor Jameson divides into ten species ; hut 
the term is generally understood to imply talc, or Muscovy glass, which is one 
of the species. Most of the mica or talc of commerce is brought from Siberia, 
where it is used as a substitute for window-glass. In this country it is employed 
for similar purposes where violent agitation or great heat would be destructive 
of common glass. It is also used for enclosing objects for microscopes, for 
which it is admirably adapted ; consisting, as it does, of an unlimited series of 
transparent laminse adhering to each other, which easily separate into extremely 
thin flexible plates, by the application of the fine edge of a pen-knife. 

MICROMETER. An instrument of which there are various construc- 
tions, ‘usually applied to telescopes and microscopes, for the purpose of mea- 
suring minute bodies, or small angles formed by bodies at a remote distance, 
by which their real magnitude is obtained. To the modem introduction of 
this instrument for the use of the astronomer, and to the improvement of the 
telescope, may be attributed our present accurate and extensive acquaintance with 
the universe of matter ; while, from the perfection to which the microscope has 
been broijght, an equal acquaintance with the organization of minute bodies may 
be expected. By the application of the micrometer to the latter instrument, the 
power of the naturalist is material^ extended ; while the micrometer is of the 
utmost value for trigonometrical surveys, and in military and naval operations. 

MICROSCOPE; from two Greek words, signifying small, and to view. An 
optical instrument for viewing small objects, rendering those visible which can- 
not be distinguished by the naked eye, and magnifying those that can. The 
forms of microscopes are very numerous, but they may all be included in three 
^stinct classes, namely, single, compound-refracting, and compound-reflecting 
microscopes. A simple, or single microscope, is that which consists of a single 
lens or single spherule. Most persons may have observed, that when the dis- 
tance of an object is decreased, we are enabled to define its parts more readily, 
and that it appears larger ; thus, if we look at two men, the one at 200 feet, 
and the other at only 100 feet from us, the former will appear only halt the 
Hfeight of the latter ; or the angle which the latter forms with the eye of the 
observer will be twice" fliat of the former. Hence the nearer we «in bring an 
olpect to the eye, the larger it will appear. If we have to examine ajueiy 
minute object, and in order to render its parts distinguishable, if we String it 
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very near to the eye, (suppose one or two indies,) it will become very indistinct 
and confused. This effect is produced by the great divergency of the rays of 
light from the object, and the power of the crystalline lens of the eye not oeinij 
sufficient to collect the rays, whereby an image of the object may be formed oil 
the retina, at the proper distance at the back of the eye. But if we em. loy n 
single microscope, which consists of a convex lens, usually made of glass, 
(thod^h it would have the power of magnifying or increasing the angl?, if 
made of any other transparent substance, but in a different degree,) mounted or 
fixed in brass, ^nd place it between the object and the eye, the former being in 
the focus of the glass, the diverging rays from the object will be refracted and 
rendered parallel by the lens, and we shall thus obtain a near and distinct view 
of the object. The quantity of light necessary to be employed in using a micro- 
scope is dependant on the nature of the object under examination, and on the 
magnifying power of the lenses necessary' for its developement. 

The annexed figure is a single 
microscope ; a is the brass stem ; c the 
cell containing the lens c; at d there 
is attached an arm e ; this arm, being 
jointed at d, is capable of lying flat, 
or being altered to any convenient 
position for viewing the object, as 
shown by the dotted lines ; on the 
round arm e is a sliding tube /, fixed 
to another tube at right angles, which 
carries the forceps h, movable in 
every direction with respect to the 
lens c ; the handle i is screwed to the 
stem a when in use. This is the 
most convenient form of a single 
microscope. 

^ compound refracting Microscope 
is an instrument consisting of two or 
more convex lenses, by one of which 
an enlarged image of the object is 
formed, and then by means of the 
other, employed as an eye-glass, a 
magnified representation of the en- 
larged image is obtained. The dis- 
tance at which the two lenses of a 
compound microscope are placed from 
each other must always exceed the 
sum of their focal lengths, in order 
that the image may be formed by the 
object-glass in the exterior focus of 
the eye-glass. The great distinction 
between single and compound micro- 
scopes is, that in the latter we only 
view a magnified image of the object, 
while in the former we see the object 
itself. From this it must be evident, 
that unless the image formed by the object-glass be a perfect representation 
of the object in every particular, its imperfections, however ' small, will be 
increased by the eye-glass, in the same ratio as it magnifies the image. On 
account of this disadvantage, the compound microscope had been entirely laid 
aside by the most distinguished naturalists and philosophers till very lat'dy. 
For general purposes it is prefered, on account of the, jxtent of field obtained 
by it, whicii is far greater than that obtained by ordinary single glass lenses of 
equ^l power. For these purposes, there is usually introduced a third, or fibld- 
glass, which the extent of view is still furtlier iiicreav^d by the rays being bent 
by^this lens, so that a greater portion of them may bo refractod by the eye- 
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glass. The annexed figure is a section of a compound microscope ; r is tlie 
objecfcintended to be magnified, 
fhich is placed in the focus of £ 

the object-glass o; by this lens, 
in enlarged and inverted image 
is Ijprmed at i i, in the focus of 
the eye-glass e ; /is a field-glass, 
by which the extent of the view 
is increased from the diverging 
dotted lines to i i, by the rays being bent by this lens, so that a”greater portion 
of them is refracted by the eye-glass c. 

7’/ie Solar Microscope consists of a common microscope, connected to a 
reflector and condenser, the former being used to throw the sun's light ofi the 
latter, by which it is condensed to illuminate the object placed in its focus. 
This microscope is sometimes called the Camera Obscura Microscope, but it 
still more nearly resembles the magic lantern in its effect. The exhibition it 
affords is made in a darkened room, and it can only be used when the sun 
shines. This instniment usually consists of one plane mirror and two lenses. 
Tlie mirror s o must be without the window shutter du ; the lens a b fixed in 
the shutter ; and the lens n within the room. The lens o 6 is inclosed in a brass 
tube, and the other in a smaller tube, which slides in the former, for the pur- 
pose of adjusting it to the proper distance from the object. The mirror can be 
so turned by adjusting screws, that however obliquely the incident rays E F fall 
upon it, they can be reflected into the dark room through the illuminating lens 
a 6 in the shutter. This lens collects those rays into a focus near the object, 
and, passing on through the object c g, they are met by the magnifier n ; here the 



rays cross, and proceed divergently to a vertical white screen prepared to receive 
them ; on which screen, the image or shadow qr of the object will appear. 
The magnc^’ing power of this instrument depends on the distance of the white 
screen, and in general bears a certain proportion to the distance of the object 
c g from the magnifier n ; that is, if the screen be at ten times that distance 
from the lens n, the image will be ten times as long, and ten times as broad as 
the object. About ten or twelve feet is the best distance ; for, if further off, 
the image, though larger, will be obscure and ill defined. The apparent magni- 
tude of objects is measiued by the angle under which they are seen by the eye, 
and those angles are reciprocally as the distances from the eye. If eight inches 
be assumed as the nearest limit of a distinct vision to the naked eye, and by 
intdfposing a lens, we can see with equal distinctness at a nearer distance, the 
object will appear to be as much larger through the lens than to the naked eye, 
as its distance from the eye is less than the distance of unassisted vision. If 
the focal distance of a convex lens be one quarter of an inch, or the thirty- 
second part of the common limit of vision, or eight inches, the lineal dimen- 
sions of an object examined with it will be magnified thirty-two times, and its 
surface 1024 times, or tfie square of 32. ^ 

1 microscope which can be employed to any useful purpose, is 

that which is made with a drop of water, suspended in a very small hole Si a 
thin slip of brass, or any similar material. A spherule of water, however, of 
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the same size as one of glass, will not magnify so much as the latter, because, 
as its density is not so great, it has a longer focus. A drop of water placed on 
the end of a slender piece of brass wire, and held to the eye by candle'light, 
will, without any other apparatus, magnify, in a very surprising manner, the ani» 
malculm contained in it. These water microscopes have given rise to the use 
of various other fluids, with several varieties of construction. Dr. Brewster* 
instead of water, has made use of very pure and viscid turpentine, taken u^ by 
the point of a piece of wood, and dropped successively upon a thin and well- 
polished glass. The same gentleman has also used sulphuric acid and castor- 
oil, both of wmich possess a refractive power considerably greater than water. 
Fluid lenses have been employed as the object-glasses of compound micro- 
scopes. Minute glass spherules make excellent microscopes, but the foci of the 
smaSest sort are so short, that it requires considerable attention and patience 
to employ them well. 

MILK. A fluid secreted by the females of the class mammalia. Although 
the proportions of its constituents vary in different animals, its general proper- 
ties are the same in all. When this fluid is allowed to stand for some time, it 
undergoes spontaneous changes, and is resolved into its component parts ; a 
thick yellowish substance collects on the surface, which is cream, while the 
milk beneath becomes thinner than before, and is of a pale bluish colour. When 
cream is kept for some days without being disturbed, it gradually becomes 
thicker, till at last it acquires the consistence of cheese ; so that one method of 
making cream cheese is merely by putting cream into a linen bag, and leaving 
it there till it becomes solid. When cream is shaken, it is resolved into its 
component parts. The process by which this is accomplished is called churning, 
whence two products result , — hutter and huUer-milk. In the making of butter, 
cream is allowed to stand for some time, during which an acid is generated. It 
is then put into a churn and agitated, by which the butter is gradually sepa- 
rated ; what is left (the butter-milk) has a sour taste, but not so much as that 
of the cream before churning. Butter is also sometimes made from cream 
which has not become sour, but the process is much more tedious, owing to the 
want of acid to favour the separation. Butter is merely an animal oil, solid at 
a natural heat, but held in solution, in milk, by some of the other substances ; 
thus obtained, however, the butter is not pure, and requires much washing in 
water to free it from its impurities, and, by the subsequent addition of salt, it 
may be kept good a long time. Milk from which butter has been taken 
undergoes spontaneous changes ; it becomes much sourer, and assumes a 
gelatinous form. When heated, the fermentation of this coagulum is hastened, 
and, by the addition of certain substances, it very soon takes place ; thus acid 
and spirits of wine curdle it, which is owing to the albumen it contains being 
acted upon by them in the same way as blood or white of eggs. By far the 
most powerfiil coagulator, however, is the substance called rennet. When the 
milk is previously heated, and rennet added, it instantly coagul^les. If the 
coagulum be cut, a thinuish fluid oozes from it ; and if it is put into a bag and 
squeezed, the w'hole of this is forced out,»and a whitish tough matter remains ; 
the former is whey, and the latter curd. On this depends the process of making 
cheese, which varies in richness according to the mode followed in preparing it. 
When milk is heated gradually, and merely to the temperature at which it cur- 
dles, and the curd freed gently from the whey, it retains ^most the whole of 
the cream, which adds to its richness and flavour; but when it is curdled 
quickly, and the whey is speedily removed fay cutting the curd, a great deal.* or 
nearly the whole of the cream is carried off, and the cheese is poor, and has 
not the rich flavour of cheese made in the other way. The latter is the method 
usually followed in Scotland, where both cheese and butter are obtained from 
milk, — the whey procured in the process yielding a considerable quantity of the 
latter ; and hence the comparative poorness of Scotch cheese. In making 
cheese, having obtained the curd, and freed it from its whey, the remaining part 
of the process is merely to subject it to pressure, by which the whole of the 
wiey^is forced out ; the colouring ingredient is generally anuotta, to givo it the 
desired tint. « 



148 


MILLS. 


€ 


Milk, according to the analysis of Berzelius, consists of — 

* Water 

Curd, with a little cream 

Sugar of milk 

Muriate of potash 

* Phosphate of potash 

Lactic acid, acetate of potash with a trace of 

lactate of iron 

Earthy phosphates • 


Parts. 

928.75 

28.00 

35.00 

1.70 

0.25 


6.00 

• .30 


1000.00 


The same chemist found cream of spec. grav. 1.0244, by analysis to consist of 
butter 4 5, cheese 3.5, whey 92. 

MILLS are machines for triturating all kinds of substances capable of being 
reduced or pulverized by their a T' . ' ' ' ..uninto 

flour, by rubbing it between two . earliest 

species of mills were of a very ru . . . :wo flat 

stones, one placed on the other, and the uppermost turned by hand, resembling 
the figures shown in the following engraving, which represents a hand-mill in 



nearly universal use at the present day amongst the eastern countries. The 
two stones are put together, as in the*figure, and the upper one is then turned 
by hand round the central pivot. Wills of this description were in conimon 
use amongst the Egyptians, Hebrews, Romans, and other nations of antiquity, 
and continued in use in the Highlands of Scotland until a very recent date ; 
the principle is imieed the same as that of our most modern and improved 
mi^lis, but it is only adapted for grinding small quantities of grain at a time. 

(Juider the head Hand-mills we have described two mills, which W'ere 
designed to illustrate a mode of applying manual power to such machines, that 
has been deemed by various eminent writers on mechanics as the most efficient; 
namely, that of rowing. But however energetic that action may be, it does not 
appear to have stood the test of experience; probably on account of it not 
beSig so convenient at all times as that of the winch, which is, besides, much 
more compact, and re^i^res for its use no previous initiation. The ordinary 
kin4 of small hand-mills resemble closely those metallic cofiee-grinaers which 
almost every person has in his possession, or may see in constant requisi^own 
the shops of grocers. A lew words will describe the whole of this class. Ihey 
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consist of one central solid fnistrnm of a cone, the outer circular surface of 
which is cut spirally into furrows, so as to present at the upper edges of the 
latter a continuous series of angular teeth. On the outside of the latter is fiAd 
concentrically a hollow frustrum of another cone, similarly cut into grooves, and 
so proportioned to the former, that at one extremity the opposed grooves almost 
touch each other, and at the other they are so far apart as to admit the articles 
to be ground, whole. These concentric conical grinders are fitted up in a variety' 
of ways. In the little hox-mills the axes of the cones are usually vertical ; but 
in the fixed, or p^t-mills, the cones are horizontal . in both, they are surmounted 
W'ith hoppers to convey the materials to the grinding surfaces, and tlie products 
of the trituration are received into either fixed or loose receptacles beneath. By 
the revolution of the inner cone, the substances are first broken in the widest 
part of'the annular crevice, and being thus reduced in size, they gradually sink, 
or are forced into narrower and narrower spaces, until they emerge from the 
grinders in a state more or less comminuted, according to the adjusted space 
between the grinders, which is usually performed by a screw passing through a 
traverse bar, with its end hearing against one end of the revolving grinder, so 
a.s to limit the extent of its separation or distance from the fixed grinder. Mills 
constructed upon the same principle are almost universally applied to a great 
variety of useful purposes ; and the manufacture of them is one of considerable 
extent in Birmingham and other places. But however valuable their applica- 
tion generally, they are but ill adapted to the grinding of coin advantageously, 
because the perfection of that art consists in an exact separation of the husk, or 
bran and pollard, from the pure flour ; and the operation cannot be success- 
fully performed if the corn be much cut to pieces, which mills of the kind just 
described almost invariably do when they are in order, or sharp; and when they 
are dull from wear, the mills soon clog, if set close, — or if set open, a very 
wasteful quantity of flour is left upon the bra,n or other offal. These defects 
arise, in our opinion, from an erroneous mode of construction. Corn and grain 
generally are extremely solid compact, bodies, and when reduced to powder or 
meal, they occupy a much larger space than previously ; consequently, as the 
grinding progresses, the spaces for the reception of the comminuted matter should 
be proportionally enlarged; but it will be observed, that the annular crevices 
between the concentric cones, where the grinding takes place, are rapidly con- 
tracted into a very acute angle. Here the clogging necessarily occurs ; and 
unless the grinders be set considerably wider apart, so as to let the meal pass 
out in an extremely coarse state, the meal, by the continued attrition (or 
kneading as it were) becomes converted into a pasty, blackened mass. From a 
series of experiments made with cones of various inclinations by the writer, 
evidence, conclusive to his mind, was afforded of this fact, that, in proportion 
as the concentric cones were reduced in their height, did the flour improve ; 
and, finally, when he brought the surfaces down to a perfect fat, the jjroducts 
of the grinding were, in the language of the miller, more livelg, and ot a better 
colour, than in any previous experiments. From the singularly beautiful and 
ingenious device of concentric conical grin<^rs, and their compactness, it is 
almost to be lamented that they do not succeed better with wheat. There is, 
however, another defect attached to these mills, which we ought not to forbear 
noticing ; this consists in the spiral grooves forming a series of continuous 
cutting edges, which clip the grain to pieces, and cause much of the husk to be 
ground fine, and be inextricably mixed with the flour ; whereas, the action ought 
to be that of simple crushing, in the first part of the operation, which flattens ’ 
tlie husk, and permits the flour to be afterwards rubbed and scraped from its 
surface, without incurring much subsequent minute subdivision to the detriment 
of tlie flour. 

A very elegant and compact corn-mill was constructed in France, and vas 
adopted by Buonaparte for tlie uses of his vast army when he invaded Russicy 
in 1812. H*nce it was called the French military mill, ^?id it vas introduced 
subsequently into this country on account of its portability and convenience. 
It consisted of two circular cast-iron plates, about 12 inches in diameter, placeS 
in a vertical position, one of nhich was fixed, and the^ther rotative, upon a 
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horizontal axis, turned by a winch. The plates were indented all over with 
radiating grooves ; the corn was conducted to the centre, or eye, by means of 
a “lateral hopper, and the meal, as it was ground, was projected from around 
the periphery by the centrifugal force of the revolving plate. 

In 1824, Messrs. Taylor and Jones took out a patent for some improved 
appendages or adjustments to this mill ; but there is reason to believe that the 
•undertaking failed from an inherent defect in the construction of tlie original. 
The vertical, position of the plates is unquestionably disadvantageous, as the 
effect of gravity is always counteracting the centrifugal actioj, and necessarily 
causes a larger portion of the meal to descend from underneath tlian from the 
sides or the top ; and this tendency, we suspect, must have rendered it expe- 
dient to work very close, to prevent the meal dropping out in a coarse state : 
and from the greater resistance of the meal on the lower side than on tire upper, 
the plates were liable to spring or separate more underneath ; or if unyielding, 
by reason of their solidity and perfect centering, a deterioration of the meal 
seems to be the necessary residt. 

Many attempts have been made to grind wheat by stones running vertically, 
both here and in America, but a little experience in their working has gene- 
rally led to their abandonment. A variety of machines have, likewise, been 
constructed for domestic use, wherein the dressing-machine, or bolter, has been 
annexed to the mill, so that the two processes shall be conducted consecutively 
within the same framing. Such machines, therefore, represent the apparatus 
of the great public mills in miniature ; but they confer no advantages, because 
they are equally complex, and are put together in an inferior manner. Viewing 
the subject in this light, the writer, a few months ago, directed his thoughts to 
the simplification of the millering apparatus ; and he so far succeeded, as to per- 
fectly grind and dress upon the same continuous surface, which appears to be 
the limit of invention, at least as far as the principle is concerned. The 
following account of this macliine is extracted from the Mechanics’ Maaaxine 
No. 665. 

“Hebert's Patent Flour-making Machine. — From a personal inspection of the 
machine delineated in perspective on the following page, and from a careful 
perusal of the inventor's specification, it appears to us to be his design to con- 
struct flour-mills of the utmost simplicity and durability ; in which, not only the 
grinding of the corn, but the dressing (sifting) of the meal into flour, pollard, 
bran. Sec., are simultaneously performed. It is not, however, to be understood 
that these combined operations are eflTected by the mere annexatiem of a dress- 
ing-machine to a mill, and driving them both together; for in such an arrange- 
ment there would be neither novelty nor economy. But the combined operations 
of grinding and dressing are in this new patent mechanism so simplified, and 
so intimate, that they are continuously going on, xipwi one continuoxis surface. 
The essential members of the machine are thereby reduced to only two ! one 
stationary, the other rotative. This remarkable simplicity conduces to many 
advantages, which our mechanical readers will at once appreciate, without our 
entering upon the details. The iaventor has shown in his specification, and 
has actually put into beneficial practice, several modifications of the prin- 
ciple so as to adapt the scale of their operations to any required magnitude. 
We have selected for the present article what the patentee denominates his 
patent </owes</c Jlour-maker, which is adapted to the manual force of one man ■ 
but the power requisite to work this may be diminished or increased at the 
pleasure of the operator, by a corresponding reduction or augmentation of the 
feed, or quantity of corn permitted to pass under the operation of the grinders 
in a given time. In a subsequent number we purpose inserting a description 
of one of the same kind of machines, which is in use at the workhouse of All 
Saints, near Hertford, w here it is worked by any number of men, from two to 
v'en, (by a suitable alteration of the feed,) and is capable of properly grinding 
and dressing as mucii»corn in a given time as other mills will grind only ; the 
estimated power required to work it efficiently being that of one htrse, whether 
worked by that animal, or by wind, water, or steam. • 

V W e shall now ]i*jceed to describe the hand-mill, with reference to the 
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engravino- bffore adverted to. a Is an axis, mounted in pl\immei'-blocks h b, and 
turned bv a \Tinch c, assisted, if required, by a handle d, fixed to one of the 
arms of the fly-wheel e e. The axis a also carries a bevelled wheel /, which 
drives a pinion g, fixed upon a vertical spindle h, that revolves in the centre of 
a metallic hopper i, and carries at its lower extremity the upper grinder ; and 



to the periphery of the latter is attached a series of brushes, that revolve toge- 
ther with it inside the circular case j, cast in one piece with the hopper i. The 
lower grinder is fixed in the centre of the flat top k of the pedestal ; and around 
the lower grinder, in the same plane as its superior surface, is an annulus of fiiiij 
wire-gauze; over the area of which the briishes sweep injtheir revolution, con- 
tinually scatfering every particle of the meal, as the same is constantly projected 
in mwiu^e quantities all around the peripheries of the grinders, on to the wii J- 
work ; causing the flour to fall through the meshes into |he drawer 7nm, below; 
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while the bran and pollard, which cannot pass the wit e-gauze, are continually 
being freed from their adhering flour by the action of the brushes, until they are 
drfven through an aperture at the outer circumference of the wire-gauze, on to 
an inclined screen of coarse wire-work, where the ofial separates itself, in the 
mere act of falling, into pollard and bran, both of which deposit themselves 
into separate compartments made in the drawer n. At Hs a screw for regu- 
lating the admBsion of the corn ; and at o is a lever over an engraved 
plate, which directs the operator which way to move it, according as he 
may desire to regulate the grinding, whether coarser or finer than it was pre- 
viously set. These adjustments are obvious to the sight, ^nd unerring in 
their action. 

“ Amongst the advantages which this machine presents to the economist may 
be stated its convenience, portability, and perfect cleanliness, and thene being 
no dust or waste of any kind. It is particularly adapted for the use of domestic 
families, who are desirous, not merely to make their own bread, but to be sure 
that the flour which they use is a genuine product of good wheat. As respects its 
utility to emigrants and distant settlers, we have reason to believe that its 
merits have already been very satisfactorily tested ; the durability of the grind- 
ing surfaces being such as to render a renewal of them apparently unnecessary 
for a series of years. A mill of this kind may be seen at No. 20, Pater- 
noster-row.” 

Since the foregoing account appeared in the Mechanic’s Magazine, Severn] 
valuable improvements have been made in the machine. The wire gauze 
through which the metal is sifted, is now rendered capable of being easily with- 
drawn, so as to convert the machine into a simple mill, the whole or gross 
produce being at once deposited in the large drawer : its utility is thus much 
extended, as there are many substances that do not require sifting. 

Owing to a mistake made by the draftsman, the pedestal of the mill in the 
foregoing cut is represented as disproportionally small. With reference to the 
larger class of machines constructed on the same principle, and alluded to in 
the foregoing extract, as being in operation at Hertford, we may be permitted 
to observe, that one of the prominent disadvantages of the working of mills 
and dressing-machines of the ordinary construction in a workhouse, is the 
necessity of employing a paid servant to superintend and direct their operations : 
to which may be added the frequent stoppages in the work, for taking up the 
stones to recut, or dress their surfaces anew, a process which requires great 
millering skill and practical experience to execute in an efficient manner ; and 
however ably it may be performed, it unavoidably entails a great waste of time, 
much labour, and wear and tear of tools and machinery. But the extraor- 
dinary simplicity of this patent machine, (which is now being introduced 
into several of the workhouses conducted under the new system of poor laws,) 
renders the management of it so easy and obvious, that the master of the work- 
house cbi, without any difficulty or inconvenience, superintend its operation, or 
depute any unskilled labourer, in whom he can confide, to occasionally look 
to its performance ; as the machine requires no active duty, but continues 
to perform, uniformly for months together, all its operations of grinding 
dressing, and separating its various products of flour, pollard, bran, &c. without 
any interference, but that of keeping it clean and properly oiled. 

The mechanical arrangements of this new machine equally adapt it to the 
production of every quality of flour and meal that may be required ; to grind 
' apd dress finer or coarser, at the pleasure of the operator; to grind,’ break or 
crush only, without dressing ; to dress only, without grinding ; and may be 
equally well worked by any number of men or boys, from only one up to 
twenty, the quality of the products being the same, and the difference only 
m the quantity. A machine of this kind has now been in active operation 
/or several months, at All Saints’ Workhouse, of the Hertford Union, the guar- 
dians of which, as weU as the master, Mr. Booth, have testified to the facts just 
mentioned. The framing of this machine is made partly of oak, «ut all those 
constructed are entirely of metal, and combine other improvements, jvhich 
adq to their practical (Ponvenience ; one of which may be seen in operation at 



Sketch of the Patent Plour ilia/fer, as in operation at the All Saints' IVotkhouse. Hertford. 
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Dr. .\lleirs excellent c.stablishment fcr the cure of mental disease?, at High 
Beech, near Woodford, Essex. 



The following description of an economical horse-mill, for grinding com, is 
extracted from a communication in the Franhtin Journal for July, 18 M, 
addressed to the farmers and planters of the United S^tates : — a a are the mill- 
stones ; b »the spindle, which supports the upper stone ; c a drum upon the 
spindle made long to prevent the band slipping off ; d a large gin with its shmft, 
ancf amis (the lever to wdiich the horse is yoked is no^ shown) ; e the bolt of 
t.mned leatl'.cr, five or six inches broad, with a buckle to give it the neccs.?ary 
*vor,. II. u 
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tightness. It has not been thought requisite to show the hopper and other 
necessary appendages, as with these every country mechanic is well acquainted. 
Jhe larger the diameter of the circle in which the horse travels the better, but 



it should on no account be less than 18 feet; the proportion of the large and 
small drums must be regulated by the size of the stones and the diameter of 
the horse-track ; and it would in most cases be found best to place the hopper 
and stones under cover, as in the corner of a barn, and the large gin outside, 
hy^ which means a large horse-track might be formed, and the mill might like- 
wise be driven in wet weather. In the mill previously noticed at Dr. Allen’s, 
the usual necessity of a horse-wheel is entirely obviated. 

The largest description of corn-mills in the present day are driven either by 
water, wind, or steam. atermills were in use amongst the Romans, who 
established several of them in this island ; the mill-course of one of these was 
mscoyered some years back near Manchester. Windmills, we believe, were 
hkewise known to them ; but the application of steam to this purpose is of very 
recent date, the first steam-mills established in this or any other country being 
those erected by Bolton and Watt, near Blackfriars’ Bridge, and named the 
Albion Mills. Whatever be the nature of the driving power, the grinding 
apparatus is nearly alike in all their mills ; and as both windmills and water- 
mms are employed for various purposes besides that of grinding com, we propose, 
imder the head Watermill and Windmill, to notice the methods of applying 
the power *£erived from these sources, and shall, in this place, give a description 
of a mill of modem constmction, as driven by steam : we should, however, 
observe, that under the head Barker’s Mill, the reader will find a water corn- 
mill of a simple description. • 

We shall preface our description of the mill by a short account of the form 
and the manner effacing the millstones. In order to cut or grind the com, 
both the upper and under millstones have channels or furrows cut in them 
proceeding obliquely from the centre to the circumference, as shown in the 
figure on p. 155. The frirrows are cut perpendicularly on one side, and ob- 
liquely on the other, into the stone, which gives to each furrow an inclined 
plane, up which the corn is forced by the revolution of the upper stone, which 
crushes it and bruises it so as to make it grind easier when it falls upon 
the spaces between the furrows. These are cut the same way in both stones, 
where they lie on their backs (as above represented), which makes them mn 
emssways to each other, when the upper stone a is inverted, and its furrowed 
side applied to the funtfred side of b. When the furrows become blunt and 
s ow y wearing, the running-stone must be taken up, and both ^ones new 
dressed with a chisel ; and every time that the stone is taken up, a swull 
portisn of tallow should applied to the bush of the spindle. 
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The grinding surface of the under millstone is a little convex from the edge 
to the centre, as exhibited in the annexed section 
at 6, and that of the upper stone a little more con- 
cave ; BO that they are furthest from one another 
in the middle, and come gradually nearer towards 
the edges. By this means, the com at its first 
entrance between the stones is only hmised ; but 

as it goes further on towards the circumference, or edge, it is cut smaller and 
smaller, but at last finely ground just before it comes out from between them. 

But although, in the diagram above given, the concavity in the upper stone 
corresponds with that described by several authors, we believe that the upper 
stone is not usually cut away to a greater extent beyond the mill-eye than that 
shown in the figure in the maigin p. 151, where the grain is shown entering the 
mill-eye, and passing through the apertures of the rind c, it enters the cavity 
underneath ; here it gradually gets broken, bruised or coarsely ground, and 
from thence the finest portion enters between ihsparalkl surface of the mill- 
stones, and by degrees passes from between them at their peripheries, being 
constantly urged outwards by the pressure of the grain in the middle, as well 
as by the centrifugal force. The rind c is an iron cross let into the upper 
mill-stone, and is fixed to the spindle e; and 
the cavity f is filled completely by a bush 
(generally of wood), in which the spindle 
revolves. The trundle g, (driven by a cog- 
wheel, which is actuated by the first mover,) 
gives motion to the spindle and the upper 
stone. The surface of the upper stone is 
brought to a perfectly parallel position with 
, respect to the other, by means of four equi- 

distant regulating screws, acting upon a brass 
box h, in which the lower extremity of the 
spindle works ; so that the slightest movement 
of the box, effected by the screws, makes a cor- 
respondent alteration in the position of the 
upper stone, enabling it to be adjusted to the 
lower one with the nicest precision and the 
greatest facility. 

We shall now proceed to describe the 
engraving on p. 156, which represents a very 
• compact arrangement of a mill, having four pair of stones driven by a 

steam-engine. The stones are placed at equal distances from the centre of a 
square platform, resting upon cast-iron columns, and the driving is arranged 
beneath the platform, and supported by a framing of Iron fixed to the columns. 
a is the horizontal shaft driven by the steam-engine, on which is fixed thc»bevil- » 
wheels, working into another bevil-wheel c, of eqaal diameter, fixed upon the 
same vertical shaft which carries the large spur-wheel d; this spur-wheel works 
•into four pinions e e, fixed upon the spindles // of the upper millstones, only 
^ two of which can be seen ; y y are indented pinion?, for the purpose of.agitating 
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the sieves'placcd over the hoppers, for preventing stones and other extraneous sub- 
stances entering the hopper; ii are the upper millstoiies; kh tlie lower millstones; 
ll the hoppers, from which the corn descends into a swinging kind of hopper, 
called the shoe, which is continually shaken by a short bar of iron screwed into 
tjie upper end of the spindle, and having four prongs, which, striking the shoe 
from side to side, distributes the corn equally over the eye of the mill stone. 



The spindles of the mili-stone are supported on the iron levers m m, which 
can be raised or lowered to adjust the stones, by means of regulating screws 
at K n ; oo screws to raise the pinions e e, and cast them out of geer. The 
under, or bed stones, are partly sunk into circular holes in the platform, and 
firmly wedged therein, and a circular case incloses each pair of stones, leaving 
a space of about two inches all round* them ; and the com, reduced to the 
state of meal, is thrown, by the centrifugal force of the stones, out in all direc- 
tions into the case, from whence it is conveyed to the bolting machine, which is 
driven by a band from the drum-wheel t. The bolting machine is not shown, as 
the reader will find a'description of an improved one under the word Bolting- 

MACqiNE. 

In glCnding wheat, it is usually the endeavour of millers to separate all the 
flour from the husk without pressing it so hard as to kiU it, and without dete- 
riorating its colour by making minute greys. Tliis they have not been enabled 
to effect in a desirable manner with the mills constructed on the usual plan, nor 
by any form of construction that has hitherto appeared. The reason is 
ohvioSs ; — if the stones be brought so close together as is necessary to remove 
the firmly adhei-ing portions* of the flour from the husk, the whole of it will he, 
in a great degree, killed and discoloured by the violent rubbing necessary to^ 
clean the bran ; on the other hand, if the stones are kept further apart, so as to 
grind high, much of the flour will be left in the offals and bran. , 


( 





MILLS. 


157 


With a view of meeting these difBeulties, some millers have giouiid their 
wheat at two distinct operations ; they have, in the first place, set their stones 
wider apart, or grind high ; and then, after collecting the meal, and separating 
the fine flour from it, have passed the remainder a second time through the 
stones, setting them closer than before, or grinding low. Thus have they 
removed the whole of the flour from the husk, and preserved the good quality 
of a part of it ; but the waste, and loss of time and power in conveying the 
meal from one place to another, occasioned by these several operations, together 
with the difficulty df separating the flour from it in the unfinished state by the 
ordinary dressing machine, have been found to neutralize the advantages other- 
wise resulting from this mode of proceeding. 

In consequence of the great size and weight of the stones usually employed, 
the erections and fittings up of the ordinary mill are necessarily very heavy and 
expensive ; and, owing to the several processes of grinding, cooling, dressing, 
and clearing up, being distinctly conducted in situations remote from each 
other, a considerable waste of floiu", together with much unnecessary manual 
labour, and waste of mechanical power, are incurred. These disadvantages, 
which are inseparable from the old system, are completely obviated by the 
patent progressive corn-mill, manufactured by Messrs. Cottcrill and Hill, of 
Walsal, in Staffordshire, from the following causes : — Instead of employing only 



a single pair* of stones of great weight and diameter (by wlwch a large poitlon^ 
of the Jour that is formed near the eye of the stone has to pass, with the bran. 
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over a greater extent of surface than is necessary, thus injuring it by super- 
fluous rubbing, besides misemploying the motive power for the purpose), the 
progressive mill is provided with two pair of stones, of smaller diameter ; and 
underneath the first pair (shown in the figure, as in the case at a) is suspended 
and agitated a circular sieve 6, which receives the product as it falls freely from 
the stones, and separating that portion of the flour which is sufficiently reduced, 
or softened, ifdelivers the unfinished portion into the eye of the second pair of 
stones underneath, shown at c c, with their case removed, as well as one of the 
external shutters, which inclose the whole machine when at^ork. This second 
pair are set closer together than the first, to complete the softening of the 
remainder of the meal, which, in consequence of the bulk of the flour being 
separated from it, will be much more easily operated upon, and, at fhe same 
time, efiect a saving of power. Underneath this pair of stones is plSced at d, 
inclosed in its case, a dressing-machine, with brushes, which receives the meal 
from the stones as it is ground, and separates the remaining flour, as well as the 
different qualities of offafi. When sever^ progressive mills are employed, the meal 
resulting from the second pair of stones in each mill may be advantageously 
conducted into one dressing-machine, common;to them all. In consequence of 
this division of the grinding operation into two stages, and the small size of the 
stones employed, the meal is not heated. This, together with the important 
circumstances of the bulk nf the flour being separated from it, in the first 
instance, without brushing, renders the remainder fit for dressing up as fast as it 
is ground. By this arrangement, therefore, it will be readily perceived, that 
the original colour and strength of the flour is preserved ; that all the flour is 
separated from the bran without any injury to the bulk of it ; and that the 
whole process of grinding, dressing, and clearing up the offals, is one con- 
tinuous operation, performed in one compact machine, without waste, and with 
little manual labour. 

The progressive mill is made principally of iron, and so arranged and put 
together, that, while the nicest accuracy in its adjustments, and certainty in its 
operations, are insured, the stones may be taken up to be dressed, and put down 
again with the utmost facility and ease. Its parts are readily taken to pieces, 
so as to make it easy of conveyance ; and in consequence of all of them coming 
together with metallic faces, it can be properly re-connected by the commonest 
workman ; and from its compactness and portability, it is peculiarly adapted 
for exportation, as the entire mill can be packed in a strong case, and the total 
weight of it is very little more than the stones alone of a common mill doing 
the same work. 

MINE AND MINING. Mine is a term applied to works carried on under- 
ground, for obtaining minerals generally, but chiefly for metallic ores. The 
internal parts of the earth, as far as they have been investigated, consist of 
varies strata or beds of substances, extremely different in their appearances, 
specific gravities, and chemical qualities, from one another. Neither are these 
strata similar to one another in different countries ; and in one district, the strata 
varies considerably in its naturb, at very short distances apart. Rocks of most 
kinds are traversed in every direction by cracks or fissures, having, in many 
instances, the appearance of those formed in clay and mud while gradually 
becoming dry in hot weather. These fissures are in general filled with sub- 
stances fornted of materials differing from the rocks in which they are situated. 
When they contain minerals partly composed of any kind of metal, they are 
* called metallic veins, lodes, or courses. Metallic veins are only found in what 
are called the primitive rocks, as granite and slate ; and, in general, their 
course is from east to west. A vein rarely consists of metal in a pure and 
malleable state, but is almost always found in chemical combination with other 
substances ; in this state it is called an ore, the metal of which is separated by 
the process called smelting, which is, in fact, a melting-out of the metal from its 
combinations, usually effected by the addition of such foreigp substances as 
• will, by their chemical affinities, assist in the separation of the metal. The 
thickness, extent, md direction of a vein of metah depends on ipail^ circum- 
' stances ; in general, its course downwards is in a slanting direction, more or 
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less inclined j if it continues in a straight line, and of a uniform thickness, it 
is called a rake ; if it occasionally swells out in places, and again contracts, it 
is termed a pipe-vein, and the wider parts of the vein are called floors ; sonie- 
times the vein divides itself into branches, and then it is said to take horse ; in 
other cases a cross grain will interfere with it, and heave or lift it, as it were, 
from 10 to 20 feet out of its course. At times it will be reduced to a mere 
thread, and at last become completely obliterated, appearing again at a dis- 
tance. In many of tliese cases the difficulty of tracing these precious deposits 
through their rockv labyrinths must be evident. In all probability, however, 
the metals were at first procured from detached fragments of the ores, such as 
had been separated from the upper parts of the veins in rvhich they were origi- 
nally deposited ; and in this manner is gold yet procured, by washing the sands 
of certaitf rivers. The pursuit of these scattered pieces of ore would naturally 
conduct the persons thus employed to the beds from which they had been 
detached, and in turning over the soil to procure the loose fragments, the backs 
of the veins would be laid open and discovered. 

The tin of Cornwall was the first metal sought after in Britain of which we 
have an historical account ; but the traces of the most ancient tin-works e.vhibit 
no symptoms of their having been pursued but in situations where the soil with 
which it was mixed could be easily removed, or where the ore could be laid 
bare by conducting over it streams of water to carry off tbe lighter parts of the 
soil. Lead is often found near the surface of the earth, and as tbe ores gene- 
rally exhibit a metallic appearance, that metal was probably an early object of 
pursuit ; but it was not until machines were invented to pump away the waters, 
and until gunpowder had furnished the means of splitting the hardest rocks, 
that man was enabled to penetrate strata of every description that opposed his 
progress. These inventions, therefore, form most important epochs in the his- 
tory of mining. The hammer and wedges were probably the first instruments 
employed for splitting rocks, and the pick followed, which is used both as a 
hammer and a wedge. Previously to the use of iron, wedges of dry wood were 
made use of by driving them into clefts of the rock, and then W'etting them, so 
as to cause them to swell and force the parts asunder. The means employed 
for raising up the minerals to the surface were at first extremely rude. The 
windlass and bucket may be reckoned an improvement which took place in a 
later stage of raining. This simple mechanism had its origin in Germany ; 
and before it was introduced into this country, the mode adopted here was by 
making successive stages, upon each of wluch men were placed, who raised the 
excavated matter from one to the other until it reached the top, in [the same 
manner as is now commonly practised in digging out the foundations for houses, 
or for making deep drains. In South America the ores are for the most part 
canied up by the Indians ; and where the situation admits of sloping roads, on 
the backs of mules. To Germany may also be traced the lntroductie;n of 
hydraulic machines for raising the water constantly collecting in the mines. 
Pumps were adapted to the shafts, and their constant uction secured by giving 
motion to their pistons by wheels turned by descending streams of water. To 
England, however, belongs the merit of having greatly improved the pump- 
work and the water-engines to their present effective condition ; and by the 
subsequent application of the steam engine to this purpose, the mining processes 
of our countrymen have so far surpassed those of other countries, ■» as to render 
their adoption indispensable in most situations. 

Although copper is now the greatest metallic product of the county of Corn-n 
wall, it is comparatively, to the other metals, of modern discovery, not 
having been worked longer than a century. The reason assigned for its having 
so long remained concealed, is the assumed fact, that copper generally occurs at 
a much greater depth than tin ; and that, consequently, tlie ancients, for want 
of proper machinery to drain off the water, were compelled to relinquish the ' 
metallic vein ^fore they reached the copper. It is staled by Pryce in his 
Mineraloqia Cnrnubiensis, as a general rule, that tin seldom continued rich and , 
worth wwkitig lower than 50 fathoms ; but of late years the richest tin mines 
ot Cornwall have been much deeper. Trevenen mine* v. as 150 ; Ilewas 
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Downs, 140 ; PoMlce, 120 ) and Herel Vor Is now upwards of 130 fathoms in 
depth. Upon the first discovery of copper ore, the miner, to whom its nature 
was entirely unknown, gave it the name of poder ; and it will be hardly credited 
in these times, when it is stated that he regarded it not only as useless, but upon 
its appearance was actually induced to abandon the mine : the common expression 
upon such an occasion was, “ that the ore came in and spoilt the tin.” ■ About the 
year 1735, Mr. Coster, a mineralogist of Bristol, observed this said poder among 
the heaps of rubbish ; and seeing that the miners were wholly unacquainted 
with its value, he formed the design of converting it to his own advantage, and 
accordingly entered into a contract to purchase as much ortt as could be sup- 
plied. The scheme succeeded, and Coster long continued to profit by Ccrnish 
ignorance. Besides tin and copper, some of the Cornish mines yield cobalt, 
lead, and silver. The ores are in veins or lodes, the most important of which 
inn in an east and west direction : during their course they vary considerable 
in width from that of a barley-corn to thirty-six feet ; but the average may be 
stated at from one to four feet. The number of mines usually at work in 
Cornwall, is estimated at about 130. 

The mines of Cornwall and Devon are generally worked by a company of 
proprietors, called adventurers, who agree with the owner of the land, or the 
lord of the soil, as he is usually denominated, to work the mine for a certain 
number of years, paying him, by way of rent, a proportion of the ores raised, 
or an equivalent in money. The grant thus made to the adventurers is called 
a set, and the lord’s rent, if paid in ore, is said to be the lord’s dish ; if paid in 
money, his dues. The adventurers divide their undertaking into shares of dif- 
ferent magnitude, the smallest usually held being one sixty-fourth park Any 
part of the concern held by one person is called a dole, and its value is known 
by its being denominated an eighth-dole, a sixteenth-dole, &c. The bounds or 
limits of a mine are marked on the surface by masses of stone pitched at equal 
distances ; but the propertjf of the soil above is entirely distinct from that part 
of the mine beneath it ; the miner, however, has the privilege of making open- 
ings or shafts at stated intervals, for the purpose of raising the ore, and admitting 
air to the works. In opening a new mine, considerable knowledge of the 
country, and of the most likely situation of the metallic veins, is of course 
necessary to avoid the chance of useless labour. The spot for commencing 
operations having been selected, a perpendicular pit or shaft is sunk, and at the 
depth of about sixty feet a horizontal gallery or level is cut in the lode by two sets 
of miners, working in opposite directions, the ore and materials being raised in the 
first instance by a common windlass. As soon as the two sets of miners have 
cut or driven the level about 100 yards, they find it impossible to proceed for 
want of air ; this being anticipated, two other sets of men have been sinking 
from the surface two other perpendicular shafts to meet them ; from these the 
ores and materials may also be raised. By thus sinking perpendicular shafts, a 
hunJ^d yardsTrom each other, the first level or gallery may be carried to any 
extent. While this horizontal work is going on, the original, or as it is 
termed, the engine shaft, is sunk deeper ; and at a second depth of 60 feet, a 
second horizontal gallery or level is driven in the same direction as the first, 
and the perpendicular shafts are all successively sunk down to meet it ; in this 
manner galleries continue to be formed at different depths, as long as the state 
of the lode renders the labour profitable. The engine shaft in tlie mean time 
is always continued to a greater depth than the lowest level, for the purpose of 

* ^keeping the working shafts free from water. The object of these perpendicular 

shafts is not so much to get at the ores, which are directly procured from them, 
as to put the lode into a state capable of being worked by a number of men ; in 
short, to make what is termed a mine. It is evident that the shafts and galleries 
divide the rock into solid right-angled masses, each 300 feet in length, and 60 

• in depth. These masses are again subdivided by small perpendicular sbafts 
into three parts; ♦and by this arrangement the rock is finally divided into 

^ masses called each 60 feet in height, and about 100 fee? in lengtli. 

In the Cornish mines, the sinking the shafts, and driving tlie le^ols^ is paid 
fiijr by what is terraW tiU-ivorh, or task-work, that is, so much per fathom ; in 
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addition to this the miners receive a small per centage on the ores, in order to 
induce them to keep the valuable portions as separate as possible from the deads, 
or rocky parts of the mass. 

In addition to these horizontal and perpendicular shafts, another description 
of gallery is formed, called an adit; the use of this shaft is to drain tlie vater , 
from the lower parts of the mine. Where the mine is formed in an exposed 
rock, as in the Botallick mine, in Cornwall, the adit can oarin- off the w.itcr 
without the aid of machinery, as long as the lowest shaft is above the level of 
the sea ; but \i^ien the shafts are sunk below that level, or that of the adit itself, 
recourse must he had to the assistance of steam-engines to pump up the di-ainage 
to a sufficient height. The great Cornish adit, which commences in a valley near 
Carnon, receives branches from fifty different mines in the parish of Guennap, 
formftig altogether an excavation nearly thirty miles in length. The longest 
continued branch, is from Cardrew mine, five and a half miles in length ; this 
stupendous mine empties itself into Falmouth harbour. 

The lode, when divided as above described, is open to the inspection of all the 
neighbouring miners in the country, and each mass or compartment is let by 
public competition for two months, to two or four miners, who may work it as 
they choose. These men undertake to break the ores, and raise them to the 
surface, or as it is termed to grass, and pay for the whole process of dressing 
the ores, that is, preparing them for market. The men by whom the mines 
are worked in this manner are called iributers, and their share of the value of 
the ore, which varies according to its richness in metal, is named tribute. This 
tribute is paid over to them every week, the mineral being disposed of at a 
ticketing, or weekly sale. In addition to the working miners, a set of men, 
whose experience entitle them to the ofiSce, are engaged at a stated salary, to 
act as overlookers, and direct the labours of the rest; those whose business lies 
in the mines, are called under-ground captains, and those employed above ground 
grass captams. The weekly produce of the mine being made up by the 
tributers into heaps of about one hundred tons each, samples, or little bags from 
each heap, are sent to the agents for the different copper companies. The agents 
take these to the Cornish assayers, a set of men, who (strange to relate,) are 
destitute of the most distant notion of the theories of chemistry or metallurgy, 
but who nevertheless can practically determine, with great accuracy, the value 
of each sample of ore. As soon as the agents have been informed of the assay, 
they determine how much a ton they will offer for each heap of ore at the 
weekly ticketing. At this meeting, all the mine-agents, as well as the agents 
for the several copper companies, attend, and it is singular to see the whole of 
the ores, amounting to several thousand tons, sold without the utterance of a 
single word. The agents for the copper companies, seated at a long table, hand 
up individually to the chairman, a ticket or tender, stating what sum per ton 
they offer for each heap. As soon as every man has delivered his tii-'^t, they 
are all ordered to be printed together, in a tabular form. The largest sum 
offered for each heap, is distinguished by a line drawn under it in the table, and 
the agent who has made this offer is the purchaser. 

In order to prepare copper ores for market, the first process is to throw aside 
the rubbish, with which they are unavoidably mixed ; this task is performed by 
children, l^e largest fragments of ore are then cobbed, or broken into small pieces, 
by women, and after being again picked, they are given to what the Cornish 
miners term maidens, that is, young girls. These maidens buck the ores, that 
IS, with a bucking-iron, or flat hammer, they break them into pieces not exceed- 
ing half an inch in size. The richer parts of the ore, which are moic easily 
broken, are now crushed smaller in a kind of mill, the principle of the construc- 
tion of which is shown in the diagram on p. 162 ; where a represents a w eighted 
lever, by the depression of which the ore between it and the roller b becomes 
crushed ; and on the raising of the lever, the crushed ore falls away, and .P 
fresh portion of ore is thrown into a position to receive the pressure upon the 
succeeding (fepression of the lever. The coarser portions, which are the harde^ 
are Irrinfied in a stamping mill, in which heavy weights or hammers are 
lifted by cams on a rovoKiiig shaft, and allowed to fall i?|>on the ore, a stream 
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of water constantly passing through the mass, and washing away the portion 
which is sufficiently reduced to pass through the holes made in an iron plate, 
.which forms one side of the box in which the stampers work. 



The next operation is that of jigging ; this used to be performed entirely by 
hoys, and consists in shaking a quantity of bruised ore in a kind of sieve, with 
an iron bottom to it, while under water. This occasions the heavier parts, which 
consist almost entirely of metal, to sink to the bottom ; while the earthy matter 
is washed away, and the small fragments of stone, being lighter than the metal, 
and containing little or no ore, are left on the surface in the sieve ; these are 
carefully skimmed off with the hand, and the remainder is piled up in heaps 
for sale. This process has been recently considerably improved by Mr. Thomas 
Petherick, a mine-agent, of Penpellick, who took out a patent in 1830, “for 
machinery for separating copper, lead, and other ores from earths and other sub- 
stances with which they are and may be mixed, and is more particularly 
intended to supersede the operation now practised for that purpose, commonly' 
called jigging.” This machinery is thus composed ; namely, a large vat or tub, 
with a fixed cover, in which cover are apertures and receptacles adapted to the 
form and si 2 e of a number of sieves, such as are used in the operation of sepa- 
rating copper, lead, and other ores, from the substances with which they are 
usually' mixei The vat is filled with water, and the sieves with the minerals 
in them are placed in their receptacles, so as to be immersed in tbe water con- 
tained in the vat ; the interior capacity of which communicates with the interior 
capacity of a hollow cylinder ; into this a plunger or piston is fitted, which is 
moved alternately up and down within it, so as alternately to displace water 
therefrom, and force the same into the vat, and then withdraw water from the 
vat into the hollow cylinder ; thus causing a sudden flux and reflux of the water 
through’. .le sieves, which is continued until the required degree of separation 
of the earths from the ores is effected. 

In the specification of a second patent, granted in 1832, to Mr. Petherick, in 
conjunction with Mr. Kingston, of Islington, in Devonshire, for improvements 
in the patent machinery just described, it is directed that the aforesaid cylinder 
is to be provided with a bottom plate and foot valves, opening outwards to allow 
the escape of the water into the vat, but not to permit its return ; and the pis- 
ton is furnishej with valves opening downwards to allow the water to pass 
through it in that direction, so that the motion of the piston shall cause the 
viSter to pass through the cylinder the same as in a common lifting water- 
pump. By this improvement, the water instead of being made to pass up and 
down tbrougb the sieves, containing the minerals, as in the previous plan, is 
forced through the sieves by a series of impulses varying in extent and intensity 
with the proportion of the area of the piston to the areas of the sieves, and 
the extent and rapidi^ij of the motion communicated to the piston. The first 
mover of this machinery may be steam, or water, or horse, or mail power, as 
ch eumstances may demand. It is proposed by' the patentees as one modifica- 
tion of their plans, to c^ivy a shaft from a first mover over a series of s^afating 
vats placed in a row, and made to actuate each piston, by means of a piston 
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rod and crank connected with tlie main shaft. It is also proposed by tiie 
patentees in the specification of this second invention, to admit the water tioui 
an elevated reservoir into the sieve vat, instead of forcing it in by a pump, as 
in the first part. If there be a sufficient supply of running water, the cdevated * 
reservoir is to be kept constantly filled therefrom, and it is to be admitted into , 
the vat and forced through the sieves, by means of a stop-cock or valve, in a 
series of impulses, actuated by an hydraulic pressure proportionate to the alti- 
tude of the reservoir. Where there is not a running stream for the supply of 
the elevated reservoir, the water is to he pumped up again for that purpose, 
after it has passed through the sieves. The stop-cocks or valves for the admis- 
sion of the water from the reservoir to the vat, are to be opened and closed to 
produce the impulses, either by a boy operating with a lever, or by being con- 
nected* with one of the pumps or water wheels, when such are used. The 
patented machinery of Messrs. Petherick and Kingston, is, w'e are informed, in 
successful operation at the Lancscot and other Cornish mines. 

Diamonds, gems, and the precious metals being scattered in minute quan- 
tities over extensive surfaces of ground, chiefly of alluvial soil, the process of 
obtaining and separating them from the matrices and earths with which they 
are naturally combined, is extremely tedious when conducted by the ordinary 
processes of washing, stamping, and picking ; any improvements, therefore, in 
the apparatus, by which the labour can be considerably abridged, is of essential 
importance to those who are interested in such pursuits. The improvements 
which have been patented by Mr. Havsleben, appear to us to be deserving of 
that character ; and having been informed that they have been very successfully 
introduced in some of the gold mining districts of America, we shall here annex 
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a detailed description of his apparatus, prefacing our account with the obser- 
vation, that its application is not confined to the more precious metals, but may be 
advantageously employed in the separation of other solid substances of dissimilar 
specific gravities. If the matrices in which metals are found are of a hard and 
stony nature, they must, in the first instance, be reduced by hammers, or hy 
the operation of an ordinary stamping-mill, to powder or dust ; for the smaller 
the particles are, the more effectually will they be separated by the subsequent 
process. The materials so prepared are put into a deep conical or cylindrical 
tub, with a quantity of water sufficient to permit the whole of the ore, soil, or 
other powdered materials, to float about in a perfectly free and liquid state 
whenever the water is stirred round by the agitators, which we shall presently 
describe ; and with a force and velocity so as to drive the water up the sides of 
the tub in such manner, that a hollow space, in the shape of an inverted cone, 
may be formed in the water within the tub. Fig. 1 of the previous engravings, 
is a side view of the apparatus ; Fig. 2 a plan of the same ; and Fig. 3 a sec- 
tion of the tub, to show the form of the agitator, and the means used to suspend 
and move it ; the same letters of reference are used to denote the same parts in 
all the figures. A is the tub, quite smooth in the inside, supported upon a 
platform B, forming a part of the frame of the machine, and from which the 
two standards, C C, rise that support the horizontal cross-frame D D, which 
carries the agitator F G H I. This agitator may be made of wood or iron, 
accord^g to the magnitude of the machine, and consists of four double arms 
F F F F, which support and carry the stirrers 1 1 1 I, which hang vertically. 
These stirrers may be screwed or morticed into the double arms F F F F, which 
are in like manner screwed or morticed into the strong central block G ; through 
the centre of this block (which is also the centre of the agitator), the iron 
spindle H passes, being fixed by a nut and screw beneath the block, and ter- 
minating at its upper end in the handle i, which serves to turn the agitator 
round ; on which account the spindle has two turned bearings, which run in 
brass boxes a a. As the power and velocity of the winch K would not be suf- 
ficient in large machines, a rigger is hung at L, upon the iron spindle H, so 
that the agitator may be turned by a band passing round it; and round a large 
rigger moved by a horse-wheel (or any sufficient power) as shown in Figs. 1 
and 2, where M is the band, and N the large rigger fixed upon the vertical 
shaft O, tile bevel pinion of which at P takes into the teeth of a large horse- 
' wheel, not shown in the drawings because it does not constitute any part of the 
invention. By this lilode of working any required number of marines can be 
placed round the horse-wheel, and be worked at the same time. The external 
bars of the stirrers 1 1 come very nearly in contact with the sides, their 
extremities very neat to the flat bottom of the tub, so as to insure the 
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agitation of the whole quantity of 
material that may be mixed with 
the water, and prevent, as far as 
possible, the deposit of any part of 
the same, either on the bottom, or 
on the sides of the tub ; and for 
the due adjustment of the ends of 
the stirrers to the bottom of the 
tub, the horizoAal cross-frame D D 
is movable up and down in long 
morticed grooves, made for that 
purpose at Q Q, near the tops of 
the two standards C C, (as dis- 
tinctly seen in Figs. 1, 2, and 6,) 
and is fixed at the required height 
by means of the iron screw-bolts 
R R, which pass into any of the 
series of holes made in the side of 
the standards, Figs. 3 and 5. A 
temporary elevation of the agitator 
may, at times, be necessary in first 
setting the machine to work, if the 
powdered ore or sand put into the 
water is of such a dense or heavy 
nature as to prevent the agitator 
from moving ; while, by lifting it 
in the first instance, and then set- 
ting it in motion, and afterwards 
lowering it gently while in motion, 
it will gradually lay hold of the 
materials, and soon put them into a 
whirling motion. In the underneath 
Fig. 4, a perspective figure is given 
of the agitator, detached from the 
other parts of the machine ; and 
for the purpose of so detaching it, 
the cross-frame D D, together with 
its brass boxes, are made to take 
asunder longitudinally, as seen in 
Figs. 1 and 2, but are bolted 
together whilst the machine is in 
use. S is a cock, or spigot and 
fauset for drawing off the water 
from the tub whenever it may be 
necessary ; in addition to this, the 
centre of the bottom of the tub is 
furnished with a peculiar valve, 
the use and construction of which 
forms one of the leading features 
of this invention. This valve 
admits of different constructions, 
as will appear when its use has 
been described. One form of it is 
shown in section at Fig. 3, and 
another form at Fig. 5. In Fig. 3 
c c is a brass or other metal cylin- 
der, which* must be bored in its 
insit^p like a pump barrel, in order 
that the'piston d, which is packed 
w ith hemp, leather, or other fit 
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material, may move in a water-tight manner within it ; e/ is an iron lever, 
turning on the fulcrum/ for the purpose of moving the piston with which it is 
connected by the rod g ; and h is ai; iron loop or guide, which not only causes 
the lever e/to move up and down without external action, but also regulates 
and restrains its quantity of motion, which is necessary, because when the end 
« of the lever is drawn up to its highest possible elevation, the piston d should 
be at the top of the barrel c c, with its convex upper surface just projecting into 
the tub, as shown by the curved dotted line ; and when the end e of the lever 
is at its greatest depression, the piston must be at the bottom of^he said barrel, 
but must never move out of it ; and when the said piston is in its lowest situa- 
tion, as shown in the figure, its upper surface must be just below a row of large 
holes, which are formed round the said barrel as at//; consequently, while the 
piston is in its position, any fluid that may happen to be in the tub will fit^v out 
of it, through these holes, into a shallow tub E, placed underneath to receive it ; 
but if the piston is raised rather more than its own thickness, it will cover all 
the said hole// and prevent the discharge of anything from the tub, although 
it will leave all the upper part of the barrel c c open, as a well or receptacle to 
receive anything that may fall into it ; and this well, or receptacle, may, in a 
moment, be annihilated by pushing the piston upwards. 

The other form of the valve, shown in Fig. 5, is similarly placed in the centre 
of the bottom of the tub, and for the same purpose, though rather more simple 
in its construction. It consists merely of a conical brass or other metal stopper, 
turned and ground, or packed so as to fit tightly into the hole of the metal 
plate 1 1, which is let into the bottom of the tub : this stopper is moved, as in 
the former valve, by the iron or metal lever ef, and attached to the plug or 
stopper by the iron rod g, so that the valve may be opened or shut at pleasure, 
by applying the hand to the end of the lever. It will be observed in all the 
above figures, and particularly in the perspective view of the agitator at Fig. 4, 
that there are no stirrers 1 1 1 in the centre of the agitator, but that a certain 
space, fuUy equal to the size of the central valve, is left free for them, not only 
for the purpose of permitting the valve to rise between the stirrers, but also to 
prevent the same degree of motion being given to the central part of the con- 
tents of the tub, that is given to the sides of it. Having so far described the 
general form and construction of the apparatus, we shall next proceed to 
describe the manner of using it, for the purpose of extracting the gold, silver, 
or other metals or materials, from the sand, earth, or other matrices with which 
they may happen to be mixed. For this purpose the tub A A must be about 
half filled with water, or, what is better, may communicate by a pipe, shoot, or 
trough, with water, which can at pleasure be permitted to run into tbe tub, or 
may be stepped ; the cock S and central valve being of course closed at this 
time. The ore and matrice, or other material to be operated upon, reduced to 
a state powder, must now be thrown in, in such quantity that it will not 
exceed in weight more than about half the weight of the w'ater in the tub at 
any one time ; but a greater or less quantity may be added, according to its 
density, which wilt be easily ascertained by practice. The agitator is then to 
be put into motion, beginning slowly at first, but quickening it until the whole 
quantity of water, and the materials that have been thrown into it, are put into 
rapid motion, and the whole of the ore, or other material, however heavy, has 
become completely incorporated with, and floats in, the water. It will soon be 
found, that the water, by its centrifugal force, will rise against the sides of the 
tui', and leave a hollow space in the middle of it, in the form of an inverted 
cone, as shown hy the dotted lines A i, in the section of Fig. 3. This effect 
takes place to such an extent (if the height of the tub and the size of the 
agitator are properly proportioned to one another, and the motion is sufficiently 
rapid), that the central valve at the bottom of the tub can be distinctly seen 
from above, and may even be opened without danger of discharging much of 
the water ; and if, afifeh continuing this rapid motion for two or three minutes, 
i4.is gradually abated, and the agitator is brought to a state of rest, it will be 
found that all the gold or silver, or other metals, so mixed with the w^tei^ will 
be deposited in a heap^iu the centre of the tub, immediately over the central 
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valve, with very little admixture of the sand or earth that was previously mixed 
with it ; and, consequently, if the piston d of the tub-valve in Fig. 3 is lowered, 
so as to form tlie chamber or cavity, at the same time that the motion of the • 
agitator is slackened, such heavy material will be deposited in the said chamber ^ 
or cavity, and may be drawn off with a little of the sand, earth, and water 
accompanying it, into the receiving tube E, by lowering the ,said piston below 
the holes described at ///in the figure; but if the discharge should be followed 
by too much ^nd, eavtli, and water, it may instantly be stopped by raising the 
piston above tne holes. Should the ore or other material not be sufficiently 
heavy to deposit itself in the centre of the tub, then the stopper valve, shown 
in Fig. 5, is to be used in preference, which is not to be opened until the fluid 
in th% tub has been moved for a minute, and the central hollow cone is formed 
in the middle, when the stopper may be raised, and the speed of the agitator 
diminished, until the water begins to flow gently from the valve, when, in 
running, it will bring the ore, or other heavy materials with it, and must be 



permitted to run so long as this is the case; the valve is then to be closed, igi<J 
the agitator again put into rapid motion ; after which the valve is to be again 
opened, and so in succession, until the whole of the ore, or other heavy mate- 
rial, is obtained, which will be known by its ceasing to run from the lower cen- 
tial valve, when the remaining refuse is to be drawn off by opening the valve 
and spigot S, having previously placed another tub, called the waste-tub, unde% 
the machine for the purpose of receiving it; and wWk so running off, the 
agitator muSt be kept in motion to stir it up and wash out the contents of the 
tub. ,When empty, the waste-tub, with its contents, must be removed, and ttie 
tub A ilf must be supplied with a fresh quantity of v«tter and ore, or qjlier 
he^’y m-iterial, to resume the operation. 
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From the foregoing description of this machine in its most simple state, it will 
appear, that a much less proportionate quantity of motion takes place near the 
centre of the agitator, than near its outside, particularly when the machine is 
made on a large scale, on which account it is necessary, in large machines, to 
construct a double agitator, that is to say, one in which the centra] part turns or 
moves.with greater velocity than the external part, as shown in section at Fig. 5, 
where 1 1 1 1 F F'show the agitator constructed as before, except that its arms 
and stirrers ,are more extended from the centre, so as to make room for the 
smaller central agitator i i i i which may be constructed in th€ same w’ay as 
before described, or may have its stirrers fixed into the circular block of wood 
or metal Jj, and the iron axes, instead of being fixed into the central block G, 
now passes through it, and is fixed to the small or internal agitator. For this 
purpose, the central block G of the agitator should be lined with a brass box, 
or have proper bearings upon its ends, so that it may revolve freely upon the 
iron spindle H ; it has also a bearing at n, in the lower part of the cross frame 
D D, to assist in supporting it ; and on account of the greater weight that now 
hangs on the said iron spindle H, two friction wheels are fixed to its upper end, 
as at 0 0 , which run upon the top of the brass bearing p, and materially dimi- 
nish the friction. When the double agitator is used, two riggers will be neces- 
sary, as at L and W, and the one at W, which communicates with the large 
external agitator, is made double the diameter of the smaller one L, which is 
fixed upon the iron axle H, in order that the small internal agitator may move 
with double the velocity of the large external one. In every other respect, this 



machine is the same as the one alreadj' described. Fig. 6, is an ekvation of a 
rf.*achine, with a double agitator introduced, merely to show how such a m;iAine, 
on a small scale, may Jie moved by hand. I and u- are the two riggere m the 
internal and external agitators, as in the last figure, and motion is communi- 
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cated to them by tlie bands m m, which pass round the two riggers r and «, 
both of the same diameter, and both fixed upon the upright iron shaft .r,r, 
which also eairies the bevelled wheel y, which is driven by the larger wheel Y, 
hung upon the main shaft, which also carries a heavy fly wheel zs, and tl.e 
winch or handle hy which the whole is turned. The timber framing t f, for 
carrying the said wheel and riggers, is too obvious to need description, and may 
be varied in form, to suit the convenience of the place in which the machinery 
is flxed ; and when a horse is adopted for machinery of magnitude, it 
is almost needle?s to observe, that it must take into, and drive the wheel 
which for this purpose may be fixed higher on its shaft, when the wheel y, with 
its fly wheel, shaft, and handle, will be unnecessary. In the use of this machine, 
it is vain to expect to get the ore or other heavy material, separated from the 
sand, earth, or other material, with which it may be mixed, in a clean and 
perfect state, by one operation as hereinbefore described, because a considerable 
portion of sand and earth will inevitably run off with it in the water. The 
mode proposed by the patentee therefore is, to save all the first portions that 
run off from the central valve at the first washing, in a tub or other receptacle by 
themselves ; and when a sufficient quantity is thus accumulated, it is to be again 
put into a machine, which may be smaller for this purpose, and it is to be treated 
precisely in the same manner as the crude materials in the first instance, when 
it will be further cleansed and purified ; but if not in a sufficiently clean state 
after this second washing, it must undergo a third, or even fourth, in the same 
or smaller hand machines, according to the purity required ; which by due and 
attentive care to the directions herein given, and a little practice, may be carried 
into any extent required. It is also necessary to observe that the operation of 
washing and separating ores, or other heavy materials, by the machinery before 
described, may be efected, (though in a less convenient manner,) without 
the adoption of either of the bottom central valves, or any valves at all; because 
such heavy materials, if not permitted to escape by the valves, will accumulate 
in a heap in the centre of the tub, and will be found upon carefully removing 
the sand, earth, or matrice from around about it ; or another process may be 
used, such as the apparatus delineated in the subjoined Fiy. 7, is adapted for. 


In this case a shallow tub is set within a deeper and large^r one T, either with 
or without tha blocks // to raise it above the bottom of ihe’exterior tub ; or the 
inner tub may be fixed in a running stream, or a stream may be made to run. 
continilyiy into and out of it. When the apparatus is arranged in this form, 
the revolving motion of the agitator FFI I will have tue efi'cct of throwmg 
mosFcf the water that is iiitioduccd with the ore into tlie shallow tub, over its 
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edges into the external tiib, or into the running stream, (as the case may he,) 
or into a reservoir; and with it nearly all the sand, earth, or matrice will be 
thrown over, so as to leave the ore, or other heavy material, in a nearly clean 
state at the bottom of the tub, particularly if a sufficient quantity of water has 
been used during the process. 

The whole agitator is now to be removed, for taking out the clean ore, and 
when an accumulation of reftise has taken place in the outer tub, (if such a 
one be used,) the inner one is to be removed, and the agitator lowered into the 
other large tub for stirring up the said refuse and water, while it is drawn off 
by the plug, or spigot and fauset at S ; after which such refuse and water are 
to be again passed through a machine by way of examination, to ascertain if 
any ore, &e. had passed over with it ; and if so, it will be obtained .at this 
second washing. The refuse and water might he led over coarse flannel 
or cloth, in which the heavy material wovdd deposit itself, if there be any left 
in the refuse. It may likewise happen in some cases, that the ore, or other 
heavy substances, cannot he conveniently broken down and reduced to powder, 
but may contain diamonds, precious stones, lumps, or fragments which would 
be too large and heavy to be put into motion with the water, as before described; 
whenever this is the case, the construction of the agitator, shown in Fig. 7, is 
recommended, which in effect is the same as those already described ; hut 
instead of intersecting the arms F F, which carry the stirrers 1 1 1 1 into the central 
block of wood already described, a circular kind of funnel or hopper is constructed 
as shown in section at gg g g, of iron, and the spindle revolves into transverse 
pieces m m within the said hopper ; such pieces being placed with their thinnest 
dimensions upwards, so as to cause as little obstruction as possible. This hop- 
per is to he fed with ore (previously broken into small pieces), by means of the 
shoot n n, which may be shook by joggles at r, like a cornmill, or be fed by any 
other convenient method. Fig. 7 also shows another form of the agitator : a 
double set of arms to carry the stirrers, is not essential ; all that is necessary 
is, that it should possess sufficient strength and substance to put the whole of 
the water and heavy materials mixed therewith, into a sufficiently rapid 
motion, to produce the conical hollow space similar to k k k. Fig. 3, as before 
described. 

In addition to the several modes of working the apparatus explained, it is 
proposed to work the same in streams, or ponds, where gold-dust, ores, &c. may 
be found, or suspected to exist, without using a tub, in which case the agitator 
only is to be used, and must be supported, as before, by its cross-bearers D D, 
and standards C C. Figs. 1 , 2, 3, 5, 6, being either fixed to the bottom of 
a boat or punt, or supported between two boats or punts, the same being 
immovably moored or fi-xed upon the water ; or the machinery may be placed 
upon^.stage with legs, adjustable to the depth of the water, so that the agitator 
may be put into rapid circular motion as before described ; or as near as pos- 
sible to the bottom of such river or stream, when it will soon, by such motion, 
remove the soil (provided it is not too hard or strong), and will form itself into 
a circular hollow space equal to its own diameter, into which space it is to be 
gradually lowered as the earth is washed away; when, if any gold-dust, ore, or 
heavy metals are present, they will be brought to the centre thereof as effec- 
tually as if the first agitator bad been worked in a tub ; which done, the posi- 
tion of the central spindle of the agitator is to be worked as accurately as 
possible, either upon the stage that supports it, or by placing upright straight 
rods in the ground round about it, when a light metal tube, of tinned or plate 
iron, open at both ends, and of equal diameter to about one-fourth of the 
agitator that has been used, is to he lowered over the said central spot, for the 
purpose of confining and covering whatever may have been so brought to the 
centre, which may then he raised in the tube, by inserting a pump therein till 
it reaches the sand f and after having made with it a partial vacuum by raising 
sthis pump, the whole tube is brought out with it ; or by means of proper ladles, 
augers, screw-worms, or other implements used for boring the earui, an^bring- 
ing up the same thftugh tubes for well-sinking, and other well-kflown pur- 
poses ; or the implement shown at fig. 8 may be used to advantage. It 
consists of an hexagonal, cf other polygonal pipe of iron made nearly to fit and 



fill up the iuside of the light pipe before mentioned (directed to be lowered for 
covering and securing the materials) ; its lower end is to be formed into us 
many points as the first polygonal has sides, as at 
a a a a in Fig. 8 ; these points should be of steel, not 
only for durability, but that thej' may bend inwards 
and spring open again in the form shown at X, in 
which state the pipe is to be lowered into the tube 
above mentioned, and it must he pushed through the 
soil, or what^ter the agitator may have brought to 
the centre, by slackening and turning it round ; 
while, at the same time, the central chain which 
communicates by branch chains with each of the 
first points, as seen at Y, is to be strained with suffi- 
cient force, either by the lever Z or in any other 
way, to bring all the first points a a a. See. together, in 
which state they will be retained, until the contents 
thus confined to the pipe are brought up out of the 
water, and discharged on the boat or platform. 

Having now described a variety of processes for 
obtaining the ores of copper, lead, tin, gold, silver, 
and some other metals, we will refer the reader to the 
article Coal, (Vol. I. pp. 374 and 375,) where a sectional engraving of a coal 
mine and iron mine is given, with an accurate description of the mode of work- 
ing the same. It is an astonishing and highly interesting sight to a stranger in 
the neighbourhood of Birmingham, and in other coal and iron districts, to 
behold, at one view, a great number of steam engines, with all their massive 
machinery and apparatus, simultaneously at work in theopen air ; some employed 
in drawing up the iron ore, others coal ; which, as they emerge from the earth, 
are sometimes lifted upon an elevated rail-road, from whence, by their own 
gravity, or by the aid of machinery, they are conveyed with rapidity to their 
destination ; the contents are instantly discharged, and the emptied skip brought 
hack in continuous succession. 

MINIUM. A name which was given to what is now called cinnabar ; it is a 
native mineral, of a shining red colour, out of which quicksilver is extracted. 

MINT. The place in which the king’s money is coined. Formerly mints 
existed in almost every country, for notwithstanding the coining of money 
appears at all times to have been considered a special prerogative of the crown, 
the Saxon princes ceded the privilege to their subjects to a great extent, reserv- 
ing at the same time eight mints for the City of London. This arrangement 
was continued by the Norman kings with little alteration until the period of 
Richard I., who procured from the east of Germany, persons well skilled in the 
art, for the purpose of improving the coinage. From this time to the - ression 
of Edward II. a. D. 1307, but small progress appears to have been made. 
That prince however endeavoured by introducing many alterations in the con- 
stitution of the mint, to improve the coinage. From this period a considerable 
time appears to have elapsed, without any material changes taking place, until 
the appointment of a Committee in 1798, to consider the establishment and 
constitution of his Majesty’s mint, the result of which was the erection of the 
present mint on Tower Hill, between 1805 and 1810, with diighly improved 
machinery, and increased facilities for carrying on the process of coining exten-^ 
sively and advantageously. The various chemical manipulations necessary 5or 
reducing the metal to its due degree of purity previous to coinage, it is not our 
province to enter into ; we shall, therefore, proceed to a description of the dif- 
ferent processes of coining, after the metal has been received in the melting 
house. The usual mode was to melt the silver in black lead pots, and a consi- 
derable coinage of tokens for the Bank of Ireland was produced in this man* 
ner. The importations being entirely Spanish dollars, ^id the tokens of the 
same standard, the melter could easily' melt them in quantities of 60 lbs. tro#, 
whicif vjas done. But the inconvenience of this mode was ultimately severely 
felt, because ingots of silver of different qualities could Sot be used for coinage, 
fi»m the difficulty of blending several together in one pot to produce the proper 
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standard of our money. This obstacle was so severely felt that, in 1777, 
Mr. Alchorne, then principal assa}' master, was commissioned by Government to 
I visit the mints of Paris, Brussels, Rouen, and Lille, for the purpose of collecting 
information with respect to the arts of coining as practised in those mints, and 
s more particularly the most approved mode of melting silver in large quantities. 
Alchorne ’s intimate knowledge of the English mint, together with his great 
acquirements as a'practical chemist, eminently fitted him for the undertaking ; 
and his observations on the coin and coinage of France and Flanders, are 
alike creditable to his judgment and knowledge. • 

It is recorded in the documents of the mint, that at the recoinage of 
William III. the pots of silver weighed 400 pounds troy, and upwards, and it 
is somewhat extraordinary, that no trace of the process by which this was 
accomplished has been found ; it is, therefore, mere matter of conjecture that 
pots of wrought iron were used. 

In 1758, some trials for melting silver in wrought iron pots took place, by 
means of a blast furnace, bat they were found so inconvenient, laborious, and pro- 
fitless, as to cause the process to be abandoned. In 1787, some new experiments 
were tried by Mr. Morrison, (then deputy master and worker,) who conducted 
the meltings. A blast furnace was again tried and again abandoned. He next 
attempted to melt the silver in large black lead pots, containing from 100 lbs. to 
120 lbs. troy ; but the repeated breaking of these pots, although guarded on 
the outside with luting, proved a great interruption to the business, and serious 
loss to the melter. Trial was likewise made with cast iron pots, but these were 
found subject to melt, and the iron consequently got mixed with the silver. 
The work too was continually stopped by the king’s assayer, the metal not being 
of the proper standard, in consequence of being refined by the process of melt- 
ing, and lading it with ladles from the pot. 

Great difficulties likewise were experienced in blending ingots of different 
qualities so as to produce the proper standard, the pots not being sufficiently 
large to contain the larger ingots of 60 to 80 lbs. troy, when blended together. 
It was therefore obvious that this mode of conducting the silver meltings was 
exceedingly defective, and was in consequence abandoned. Experiments were 
then tried with a reverberatory furnace, built after the model of those used in 
the Lille mint, but with no better success; and the process was, as in former 
cases, abandoned. The prmcipal obstacle here appears to have been the great 
refinement of the silver in the melting, by the oxidation of the alloy. In 1795 
and 1798 further trials were made by Mr. Morrison, for the purpose of over- 
coming this apparently insurmountable difficulty. In these experiments he tried 
three furnaces of different constructions, and although he accomplished much 
towards his object, there remained still a serious imperfection, arising from the 
process of dipping out the metal from the pots with ladles, which in addition to 
chilliftgsthe metal, was exceedingly laborious, and fraught with many disadvan- 
tages. In 1803 Mr. Morrison died, without bringing the process of melting 
silver to that degree of perfection which, had he survived, by the activity of his 
intellect, great knowledge of his subject, and unwearied perseverance in its 
prosecution, he would, doubtless, have accomplished. His son, who succeeded 
to his situation, appears to have inherited his father’s active and intelligent 
mind ; for in a short period he so successfully exerted himself for the accomplish- 
ment of the object sought to be attained, that by the construction of a furnace 
, adapted for the use of cast-iron pots, the use of pots of a size capable of melting 
frtm 400 to 500 lbs. troy at one charge, the adoption of such machinery as would 
supersede the clumsy and wasteful process of lading the silver from the pots 
when melted ; and lastly, the introduction of the use of moulds made of cast 
iron, in place of those then used, which were made of sand, the process of melt- 
ing silver, so far from being a laborious, troublesome, and expensive process, 
' Decame simple, and efficient in operation, and capable with ease of melting 
10,000 lbs. troy of silVir daily. The iilustration opposite exhibits aperspective 
xiew of the furnace at present in use. A A are the furnaces in which the metal 
is melted. These are the air furnaces, built of fire brick, in the usua^ ntHnner 
of melting furnaces, btit to render them more durable, the brickwork is cased 
in iron plates, which are put together by screws, b b are the covers to the k r- 
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naces ; they are held down to the top plate by a single screw pin for each, and 
on the opposite side of the cover a handle a, is fixed ; by pushing this handle, 
the cover is moved sideways upon its centre pin, which leaves the furnace open; 
a roller is fitted to the cover, to run upon the top plate, and render the motion 
easy. The interior of each furnace is circular, 30 inches deep, and 21 in 
diameter ; the bottom is a grate of cast iron bars, movable for the purpose of 
admitting air. Upon the grate is placed a pedestal or stand af cast iron, of a 
concave shape, covered an inch thick with coke or charcoal dust, upon which 
the melting poflls placed ; the pedestal is nearly two inches thick, and is fully 
two inches broader in diameter than the pot, the object of which is to protect 
the hip of the pot from the intense heat which the current of air ascending 
through the grate wlien the furnace is at work creates, and which might other- 
wise melt it. On the top or mouth of the pot, is placed a muflle, which is a 
ring of cast-iron, six inches deep, made to fit neatly into the pot ; the use of this 
muffle is similar to that used in melting gold, to give a greater depth of fuel in 
the furnace than the mere length of the pot, and which adds materially in per- 



fecting the process. The muffle likewise, by rising above the pot, enables ingots 
of silver to be charged, which are longer than the depth of its interior. The 
top of the muffle is covered with a plate of cast iron, to prevent the fuel from 
falling into the pot, and secure the metal from the action of the atmospheric 
air when in fusion. Each furnace is provided with a flue, which proceeds in a 
horizontal direction, and extends to the flue c which is carried up in a sloping 
direction to the stack or chimney. 

When the furnace-covers 6 b are closed, the current of air which enters 
at the grate ascends through the body of the furnace, and causes the fuel, which 
is coke, to burn with great intensity around the melting pot. The de^xee of 
heat is accurately regulated by a damper, fixed in the flue of each turnace. 
When the furnace is put to work, it is lighted by some ignited charcoal being 
put upon the grate, and around the pot, (for the melting pot is always in its 
place before the fire is lighted ;) upon the charcoal about three inches depth of 
coke is placed ; the cover b is shut, and the damper is withdrawn about two 
inches. When the coke is ignited, a similar quantity is added, and so continued 
until the furnace is filled with ignited coke. The object of thi^precaution is to 
prevent the cracking of the melted vessel by being too suddenly heated. 
Before the silver is charged, the pot is heated to a bright red : it is then care-* 
fully examined to ascertain if it has successfully withstood the action of the 
furnace, or cracked during the operation. The silver is then placed in the pot, 
accompanied by a small quantity of coarsely grained charcoal powder, — which 
by coating the inner surface of the pot, prevents the silver from adhering to it. 
When the silver has attained the fusing point, the quantity of charcoal is« 
increased, until about half an inch thick on the surfan of the silver, which 
preserves it in a great measure from the action of the atmosphere, and prevent^ 
that itstruction of the alloy which was found so great a difficulty in the earlitjr 
processes of coining. When the silver is completely aild properly melted, jt is 
stijged with an iron stirrer, in order that the whole may be of one standard 
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quality. Tlie \ essel containing the molten silver is then lifted from the fiirnace 
by means of a powerful crane, to which are suspended hooks, or claws, which 
■ firmly clutch the rim of the pot ; which being raised a sufficient height from 
the furnace, is swung round by the gib of the crane, that it may be brought 
• over the pouring machine, of the principal portion of 
which the following engraving will convey an adequate 
idea. A is an a:^s to which is affixed a cradle, which 
receives the pot. The cradle is so constructed as to 
open and shut, and the screw h draws the parts together 
till they fit. Forming a continuation of the principal 
hors of the cradle, is the arched rack, C. When the 
cradle is in its place, the rack is engaged by a pinion, 
and can thereby be elevated to pour the mettd by means 
of a lip, or spout, made in the edge of the pot for that 
purpose, into the ingot moulds. D is the melting pot, 
firmly embraced by the cradle, preparatory to filling 
the moulds, which are composed of cast iron, the upper edge of the mouth 
reing slightly enlarged, to facilitate the reception of the metal. A row of 
these moulds are placed in a carriage, and screwed tightly together, at the same 
time resting on a plate, which can be raised or lowered, as the difference of 
size in moulds may require. The carriage is supported upon four wheels, and 
runs upon a railway, by which means the moulds are brought in regular suc- 
cession under the melting pot, which by means of the arched rack C, is lowered 
to allow the molten metal to escape freely until the moulds are filled. 

The next process to which the silver is subjected after being taken from the 
moulds, is that of flattening, rolling, or laminating in the rolling mill. For the 
purpose of facilitating this process, the bars, or plates of metal, are heated to 
redness, by which a much greater degree of extension is obtained by the same 
amount of power than could be otherwise accomplished. Gold bars do not 
require to be so treated, they being rolled out while cold with great ease, to the 
thinness of a half-sovereign, without the least symptom of cracking : this is 
easily accounted for by the difference in the constituent particles of the two 
metals — gold and silver. The rolling mfll is put in motion by a powerful 
steam-engine, which, by a judicious and beautiful arrangement of mechanism, 
causes two rollers to revolve in opposite directions, and then their adjacent sur- 
faces will move together, between which the silver to be rolled, or flattened, is 
introduced. Connected with the mill there is also a gauge, or scale, to ascer- 
tain the thickness of the plates which have undergone extension by means of 
the rollers. It consists of two steel rulers fixed fast together at one end, the 
other end being a certain distance asunder, forming an opening between them 
gradually diminishing to nothing ; the sides of the rulers are divided, and in 
usingijtAD determine the thickness of a piece of plate, the edge of the metal is 
applied to the opening between the rollers, and the engraved divisions show the 
distance it will go into the opening before fitting tight. After the completion 
of this process, it becomes necessary that the metal should be cut into uniform 
slips, of a convenient width for cutting out the circular pieces or blanks, which 
are to form the coin : this width being generally that of two crowns, two half- 
crowns, and two shillings. This is accomplished with accuracy and precision, 
by passing theometal between two cutter- 
. wheels, as exemplified in the annexed illus- 
ttation. A and B are the circular cutters, 
the edges of which lie in close contact late- 
rally, and overlap each other a little ; they 
are turned very truly circular, and are, on 
the whole, constructed with great care and 
" nicety. The edges are formed of hardened 
steel, and whilst rev'oiving, if the edge of 
vuiy piece of metal be presented to them, it 
will be cut, or divided, in the same manner 
as "by a pair of shears*. C is a narrow shelf, 
upon which the plate is supported when pushed forward to be cut ; and Dvrs a 
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guide, fixed upon the shelf, against which the edge of the plate of metal is 
applied whilst it is moved forward to the circular cutters, and which, by being 
movable, determines, by the distance which it stands back from the cutting, 
edges, or line of contact of the cutters, the precise breadth of the slip of metal 
which will be cut off. To give these slips of metal the exact thickness requisite • 
before being cut into blanks, they are subject to a more delicate rolling, or are 
drawn between dies, by an ingenious and efficacious modification of the great 
rollers, invented by Mr. Barton, the present comptroller of the mint. 

Mr. Barton nas, likewise, brought into successful operation a new machine 
for drawing the metal between dies, in a similar manner to that in which wire 
drawing is accomplished, by which a greater degree of accuracy and uniformity 
is obtained in the thickness of the metal. It is, however, necessary, before this 
operation can be accomplished, that the ends of the slips of metal should be 
thinned, that they may enter, with ease, the drawing, or elong ating apparatus ; 
for which purpose they are passed between rollers, the construction ot which 
the annexed figure will explain. A is the upper roller; B the lower, which has 
three flat sides ; C is the piece of metal placed between 
the rollers ; I) is a stop, adjustable in the line of the 
motion of the slip of metal C, which is presented to 
the rollers when they are in such a position that one 
of the flat sides of the lower roller is opposite the 
upper, then the piece of metal can be pushed 
forward between the two until prevented by the 
stop D ; as the rollers then revolve, and the flat 
side passes by, the cylindrical parts will take the 
metaj between them, and roll it thinner at the end 
which is between the stops and the point of contact 
of the rollers. This thin portion of the slip of 
metal is then introduced between the dies, which are two steel cylinders made 
very hard and true. These dies are attached to one extremity of the drawing, 
or elongating machine, which is provided with endless chains, to which are 
attached tongs similar to those used in wire-drawing, which grasp the metal 
slip with great force, drawing it through the dies as the endless chain performs 
its revolution. This machine, althou^ important in its result, and apparently 
exercising a great power of action, is, with but little labour, rendered available 
for the purpose for which it was intended, by the trifling muscular energy exer- 
cised by two boys, who conduct its operations. At the mint there are two of 
these machines, by means of which the pieces of metal are brought more neatly 
to the standard weight, which is an object of considerable importance. 

The next process to which the sUver slips are subjected, is accurately and 
efficiently performed by Mr. Bolton's cutting-out press, for which he obtained a 
patent in 1790. This press differs not m.aterially from those in use at most 
foundries. Twelve of them are at the Royal Mint, arranged in a circle around 
a large wheel, which is turned by a steam engine, and has a fly-wheel fixed on 
the same axis, just above the wheel, to regulate the motion, the whole presenting 
a pleasing and commodious arrangement of machinery. The round pieces of 
silver, or blanks, are, after being cut out by the Bolton press, carried to the 
sizing-room, where each individual piece is adjusted to its standard weight. 
The light pieces are selected for reraelting, and the heavy on?s (if not consider- 
ably beyond weight) are reduced to their standard weight by rasping their su»- 
faces with a rasp, or file. The accuracy and efficiency of Mr. Barton’s maedine 
for drawing the metal between dies, has considerably abridged the labour of this 
inelegant and unmechanical process. The pieces thus adjusted are in a state of 
great hardness from compression by the rolling and drawing processes, and by 
which, in fact, a great portion of their latent heat has been squeezed out. Tli^' 
attain their softness again by being heated to a cherry, red, in a reverberatory 
furnace ; after which they are boiled in dilute sulphuric acid, which makes them 
ver^elean, and of a white colour. When dried either in warm saw- dust* or 
over awery slow fire, they are in a fit state for the two jext processes, which ate 
the milling, and the coining, or stamping. • 
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The operation of milling is performed round the edges of the pieces of money 
to prevent tlieir being clipped or filed, which was a fraud commonly practised 
upon the ancient money, made before the introduction of milling or lettering 
^ round the edges. The construction of the milh’ng machine is simple, but efficacious, 
t It consists of two rulers, or steel bars, which are accurately cut, or fluted, and, 
by the aid of a simple combination of mechanical contrivances, so placed that 
although the low'er one is immovable, the upper has a horizontal motion, carry- 
ing the piece of money with it, which is placed edgeways between the two, the 
grooves, or flutes, in the steel bars, forming corresponding indentations and 
elevations, on the edge of the coin. 

The next, and last operation, which remains to be performed to complete 
the process, is that of stamping the effigy, or impression, upon the hitherto 
blank pieces of silver. This is accomplished by the coining press, of which 
there are eight in the Royal Mint. They are worked by a steam engine, which 
communicates its power from an adjoining room, by means of connecting 
mechanical arrangements. Both sides of the piece of money are stamped by 
one stroke of the press. The blank piece of metal being placed flat upon the 
lower die, which is immovable, is then forcibly struck by the upper die, which, 
at one stroke, produces the impression. The piece of blank coin is contained 
within a steel ring, or collar, whilst being stamped, which preserves its circular 
figure. There is, likewise, connected with this machine, a beautiful arrangement 
of mechanical pow'er, by which, when one piece of metal is struck it will be 
removed and replaced by another. This is accomplished through the agency of 
the same power which puts the press in action, and consists of an arrangement 
of levers and other mechanical contrivances. 

The process of coining is now accomplished. Throughout this short notice 
we have mentioned silver as the metal coined into money by the beautiful and 
efficient machinery to which we have directed the attention of our readers ; 
and, by so doing, we have embraced almost every process to which the other 
metals used for the same purpose are subjected ; the operation, in every case, 
being, with a few trifling exceptions, the same. We may now truly say that 
the art of coining has arrived at ffiat degree of perfection, that its farther 
improvement has ceased to be the object of national importance, which, in 
earlier ages, it must have appeared. But still there cannot be a doubt, that, 
considering the rapid strides which the physical sciences are making towards 
perfection, many years will not elapse before we may look back upon some of 
those combinations of mechanical skill and ingenuity which we have been accus- 
tomed to consider as preeminently excellent, as things which have been, having 
given way to more perfect efforts, which, in their turn, may, perhaps, upon the 
discovery of some entirely new moving power, be considered cumbrous and 
unskilful efforts of human industry. 

MIl^OK. A surface of polished metal, or of glass, silvered on its posterior 
side, capable of reflecting the rays of light from objects placed before it, and 
exhibiting their image. There are three classes of mirrors, distinguishable by 
their reflecting surfaces ; namely, jo/awe, concave, and convex. The reflection 
of light by mirrors observes the invariable law, that the angle which the inci- 
dent rays make with the reflecting surface is equal to the angle of reflection. 

MOORINGS are an assemblage of anchors, chains, and bridles, laid athwart 
the bottom of a rfver or harbour, to ride the shipping therein. These anchors 
have generally but one fluke, which is sunk in the river near low-water mark. 
Tw^ anchors, being thus fixed on the opposite sides of the river, are furnished 
with a chain extending across, from one to the other ; in the middle of which 
is a large square link, whose lotver end terminates in a swivel, to which are 
attaclied the bridles, which are short pieces of cables well served, whose upper 
ends are drawn into the sliip, and secured to the bits, &e. By these means the 
vessel veers round easilj^ according to the change of the wind or the tide ; in 
some places, however, particularly on rivers, each ship takes in a bridle astern, 
also, by which she becomes moored head and stern, ^ 

MORTAR, A cement made of lime, sand and water. See Lime. 

M0R1AR. A strong hollow instrument, usually made of marble, Wedgq^ 
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wood ware, or metal, in which hard or brittle substances are pulverized by 
percussion or grinding with another instrument called a pestle. Mortars usually 
partake of the shape of an inverted bell, but their form, capacity, and solidity, 
as well as the material of which they are made, vary with the object for 
which they are mainly designed. Thus, they may be purchased ready made, » 
from an inch to eighteen inches, internal diameter, varying in weight, from an 
ounce or two, to several hundredweight. Large mortars -are usually fixed 
upon a block of wood, of such a height, that the mortar may be level with the 
middle of the%)perator. When the pestle is large and heavy, it is sometimes 
suspended by a cord or chain, attached to a moveable pole placed horizontally 
above the mortar ; this pole considerably relieves the operator, owing to its 
elasticity assisting the raising of the pestle. 

In' the annexed diagram is represented a plan for economizing the labour of 
pounding and sifting, which has been recommended by a person of practical 
experience in those operations, a and h are two large mortars, containing the 
material to be reduced ; c and d are the pestles, with their rods ; e and / are 
two levers suspended at their fulcrums to a simple frame to the ceiling, connected 



at one end by joints to the ends of the pestles ; and by thg other end, in a 
similar manner, to descending rods attached to treadles, which are operated 
upon alternately by the man in the centre stepping from one treadle to ,th'b 
other. In this manner a force of 150 lbs. is applied to one end of each lever 
in succession, and would consequently raise a similar weight at the other, if the 
fulcrums were in the centre. As it is however, desirable that the man should 
not have to step up high in lifting his weight from one treadle to the other, and 
as a pestle of fifty pounds weight is very considerable, those ends of the level's 
which are attached to the treadles are shortened, so as^tw make the force about 
120 lbs. This loss of power, in the first instance, is however fully compensated 
for, •by the pestles being raised higher in the same space of time, or with greater 
velocity, and the increased momentum with which thA (alternately) strilie the 
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springs ij, in the ceiling, is returned by the action of the latter upon the sub- 
stances in the mortars. AVhen one of the pestles has struck, the man steps olF 
^ that treadle which operates upon it, on to the other : the long arm of the 
lever of the former then descends by its superior weight, and being jointed 
m near the extremity, it passes by the pin on the rod, (which should have an anti- 
friction roller upon it,) by the joint opening, as shown in dotted lines, and after- 
wards closing, it locks itself under the pin. In its re-ascent it then takes up 
the rod and pestle, and allows them to drop when it has passed beyond the 
sphere of its action, as shown on the opposite side, where the*lever is exhi- 
bited as being just beyond the point of contact, and the pestle is about to return 
to the mortar with all its accumulated force. Underneath each treadle, a strong 
steel spring is fixed, to prevent those shocks which the man might expeijence 
by the treadles striking against the floor, after the levers have passed the rollers 
on the pestle rods ; and the reaction of these springs is attended with the further 
advantage of assisting the man on to the other treadle. 

It is apparent that by this method of pounding, a surplus of power, amoimt- 
ing to about 70 lbs. is devoted to the giving an accelerated force to the pestles. 
If we then take away a small portion of this surplus power for the purpose of 
sifting, it may so well be spared, as to make a scarcely perceptible difference in 
the impelling force to the pestles. There are several obvious modes of causing 
sieves to vibrate by this apparatus. Accordingly there may be placed a large 
semicircular sieve on a floor, with cords attached to each extremity or corner, 
which being made fast to the ends of the lever, cause it to rock, as they are 
alternately raised or depressed. In the drawing, the sieve is shown as moving 
upon a central bearing or pivot ; this is, however, only another mode of pro- 
ducing the eflfect. The sieve is composed of two parts ; viz. h, which contains 
the material to be sifted, and I, the receptacle for the resulting product or 
powder. The situation of this sieve between the two mortars, for receiving 
their contents alternately, will be found convenient. It should be placed at a 
suitable distance behind or before the man at work ; a rod should therefore be 
fixed to the end of each lever, at right angles with them, but in an horizontal 
position, which it would always maintain ; and a long range of sieves, separate 
or connected, may be moved by the same means, according to the length of 
the horizontal rod. In the foregoing drawing, many of the subordinate parts, 
which every engineer knows how to supply, are omitted to avoid complexity. 

MORTAR. A piece of artillery, shorter and wider than a cannon, and 
having a powder chamber less than the size of its bore ; it is used to throw 
bombs and shells into fortified places. 

MOSAIC GOLD. See Aurum Musivum. 

MOSAIC WORK. An assemblage of little pieces of glass, marble, precious 
stones, &c. of various colours, cut to a determined pattern or design, and 
cementK on a ground of stucco, in such a manner as to imitate painting. See 
Mabqoetry. 

MOTHER OF PEARL, is that beautiful natural white enamel, which forms 
the greater part of the substance of the oyster shell, particularly the pearl 
oyster. It is found to consist of alternate layers of coagulated albumen, and 
carbonate of lime. 

MOTHER-WATER, is the uncrystallizable residue of a compound saline 
solution ; thus thd liquor left in a salt pan, after the salt is taken out, is the 
mother- water. 

MOULD. A general terra applied to a great variety of implements 
employed in the mechanic arts. Thus with a shipwright, a mould signifies a 
thin flexible piece of wood, on which the required curves of the timbers are 
truly cut out. Moulds, in the manufacture of paper, are the frames in which 
t^e sheets of paper are moulded; see Paper Manufacture. Bullet moiddt, 
are similar to iron pinq^s in their handles and joint, but the jaws are solid, 
each containing a hemispherical concavity, which, when closed together, form 
ari^entire sphere, leaving a small hole or jet through which the melted leq^ is 
conveyed. Glaziers’ moulds are of several forms, for casting the strips of lead, 
whicR are afterwards drawn through their vice. Candle moulds ate used by the 
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tallow-chandlers, for casting their mould candles in. The term mould is indeed 
of such general application to patterns for working by, and to various tools con- 
taining hollow cavities, either for casting in or producing various forms by per- • 
cussion or compression. 

MOULDINGS. Any thing that has been cast in a mould, or has that 
appearance ; in architecture, the term is applied to the oma^iental projections 
from a wall or column, &c. 

MOWING ^ACHINE. An agricultural implement, designed to supersede 
the use of scythes by hand. Many have been made at different times, but the 
difficulty of adapting them to the ordinary unevenness of the surface of the 
fields, has, we believe, caused their general abandonment ; but it is not impro- 
bable*they will ultimately be brought into use in many situations. In a model 
of one of these machines, which is placed before us, a circular knife or knives 
are attached to the periphery of a wheel, which revolves horizontally between 
the running wheels of a light carriage ; the axis of the running wheels com- 
municating the motion to the horizontal cutting wheel, through the medium of 
bevelled gear. The height of the cutting wheel from the ground is regulated 
by means of a lever and weight ; and the machine is forced forward by a horse 
yoked behind it. For mowing grass plots, a beautiful machine has been 
invented and matured by Mr. Budding. See Gkass in the work ; also a 
model of the machine in the Museum of the Mechanical Arts, in Leicester- 
square. 

MUCIC ACID. This acid has generally been known by the name of 
saccholactie, because it was first obtained from sugar of milk, but all the gums 
appear to afford it readily. 

MUCILAGE. A general term, denoting any viscid or glutinous liquid ; 
but chemically speaking, it is understood to apply only to an aqueous solution 
of gum, or mucilaginous extract of vegetables. - 

MUFFLE. A vessel employed in metallurgic operations. In figure it 
represents an oblong arch or vault, the hinder part of which is closed by a semi- 
circular plane, and the lower part, or floor, is a rectangular plane. It is a little 
oven, that is placed horizontally in assay and enamelling fumaces, so that its 
open side corresponds with the door of the fire-place. Under this arched oven, 
small cupels or crucibles are placed ; and the substances contained are thus 
exposed to intense heat, without contact of fuel, smoke or ashes. 

MULE. A machine employed in spinning cotton and other fibrous mate- 
rials. It was invented by Crompton, in 1779, and was found to produce finer 
yarn than was spun by the machine previously in use. For producing fine 
threads, a process analogous to that performed with carded cotton, upon a com- 
mon spinning wheel, and called stretching, is resorted to. In this operation, 
portions of yarn, several yards long, are forcibly stretched in the diroation of 
their length, with a view to elongate and reduce those parts of the yarn which 
have a greater diameter, and are less twisted than the other parts, so that the 
size and twist of the thread may become uniform throughout. To effect the 
process of stretching, the spindles are mounted upon a carriage, which is moved 
backwards or forwards across the floor, receding when the threads are to be 
stretched, and returning when they are to be wound up. The yam produced by 
mill spinning is more perfect than any other, and is employed in the fabrication 
of the finest articles. The sewing thread, spun by mules, is a combination of 
two, four, or six threads. Threads have been produced of such fineness, tlia! 
a pound of cotton has been calculated to reach 167 miles. See Cotton and 
Spinning. 

MULLER. A tool employed for holding or grinding substances upon a 
stone. The glass-grinders thus call the instrument used for grinding their 
glasses, which consists of a round piece of wood, about six inches long, to ont? 
end of which is cemented the glass to be ground, wheth’eF convex in a basin, or 
concave in a sphere. For grinding colours, the muUer is of stone, and es 
usually .employed upon a flat slab of stone ; as may be seen in most painters’ 
and colourmen’s shops. An improvement upon this plln was, however, i*tro- 
dKed by Mr. Rawlinson, for which the Society of Arts awarded him their 
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silver medal. As this machine is said to have been proved, by many years’ 
experience, to be more effectual and expeditious in grinding coloiu: to that 
<• extreme fineness required by artists, and to be less prejudicial to the health of 
the workman, we shall here add a description of it. 

' The machine consists of a short cylinder of black marble, inches in 
diameter, and 4^ in thickness, turned vertically on its axis by means of a winch. 
A concave piece of marble is provided, of the same breadth as the circular 
stone, and forming a segment of the same circle, one-third of thf. circumference 
in extent ; this segment, which may be considered as the muller, is fitted into 
a solid piece of wood of a similar shape, one end of which is secured by a hinge, 
or otherwise, to the frame ; the other end rising over the circular stone, and 
supported by it, is further pressed down on it by a long spring bent over from 
the opposite extremity of the stand, and regulated as to its pressure by a screw, 
whose end turns against the concave muller. A slight frame of iron in front, 
moveable on a hinge, supports a scraper, formed out of a piece of watch- 
spring, which takes off the colour, and is turned back out of the way when not 
in use. 

MURIATIC ACID. See Acid, Muri-Vtic. 

MUSK. A strong perfume, obtained from an animal'of that name. 

MUSKET. The fire-arm of the common soldier. 

MUSKETOON. A short thick kind of musket ; also called a blunderbuss. 

MUSLIN. A fine sort of cotton cloth, first imported from India, but now 
for the moat part manufactured in this country. 

MUST. The unfermented Juice of the grape. 

MYRRH. A gummy, resinous, concrete juice, which issues by incision, and 
sometimes spontaneously, from the trunk and large branches of a tree, growing 
in Arabia, and Egypt, especially in Abyssinia. It consists of one-tbird resin, 
and two-thirds gum. 
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NAILS are small spikes or pegs of metal, usually of iron, extensively used 
in building, and generally in the constructive arts. From the immense quan- 
tities of n^s made in this country, the manufacture may be deemed one of 
first-rate importance ; for, in the neighbourhood of Birmingham alone, upwards 
of 60,000 persons, men, women, and children, are occupied in their production ; 
and many of the iron-works in the same district furnish from 100 to 200 tons 
weekly nf “ split-rods,” of the various sizes and qualities required in the making 
of the nails (see Iron). The workmen who forge the nails are called “ naUors;” 
women, boys, and girls, are likewise employed in the same kind of work ; and 
it is very common to see a whole family working together. Each individual 
usually confines himself, or herself, to a certain peculiar class of nails, who, conse- 
quently, acquires a great degree of expertness and celerity in their production, 
not to be equalled by those nailers who have been habituated to forge other kinds. 

Under the art^le Forge we have given a drawing and a description of a 
nailer’s forge of the most improved description ; we have, therefore, only to 
bodice the other tools employed in the art. These are, a small steel anvil, which 
is inserted in a massive block of cast-iron ; and this latter is usually imbedded 
in slack, so that the steel anvil only is seen. The hammers used are, of course, 
proportioned in weight to the size of the nail, and the shapes vary considerably, 
according to the ideas of the workmen ; but they are usually the firustrums of 
•■ones, the smaller ends of which constitute their faces ; the planes of which are 
not parallel to the handles, but inclined to them. A nailor keeps constantly several 
rqds in the fire, which he takes up in succession as they become hot, so as not 
to have to wait for a heat. When the shank of the nail has been drawn: out 
to tfe required form anC length, it is nearly cut off the rod by striking it over a 
fixed chisel, and is then inserted into the heading tool, from which the rod is then 
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broken off; the nail is then headed in the tool, and turned out of it by turning 
it upside down, and striking it upon the anvil. Such is the celerity with which 
these operations are performed, that there are instances of nailors making as 
many as 3000 nails, of three inches in length, in a day, and continuing to work 
at this rate for many days in succession. Every such nail requires, at the least, 
twenty-five blows of the hammer to form it, besides two or three blasts of the 
bellows; nevertheless, the work proceeds at the rate of three or four per 
minute ! ^ 

In contemporary publications (the London and British CydopeEdias) we observe 
it is stated, that i\\e forged wrought-iron nails we have been speaking of have been 
superseded by the introduction of those made by pressure and percussion in 
machines. But this statement is extremely incorrect, as every person acquainted 
with this department of art well knows. The fact is, we believe, that the forged 
nail manufacture has considerably increased, notwithstanding there is a very great 
demand for the cut or pressed nails, which are preferred in some few depart- 
ments of art, on account of their uniformity, and their square points ; and in 
some others, by reason of their greater cheapness than forged nails. It should 
be understood that there are three leading distinctions of iron nails, as respects 
the state of the metal from which they are prepared ; namely — 

1 . Wrought, or forged iron nails, being worked out entirely by the hammer 
from rods, or bars. 

2. Cut, or pressed iron nails, which are stamped, or pressed, out of strips of 
plate-iron. 

3. Cast iron nails, in which the metal is melted, and cast in forms of the 
precise shape of the nails made. 

Forged nails are made of three distinct qualities of iron, that is, more or less 
refined, or tough, according to the purposes for which they are designed. The 
very best quality is employed for horse-shoe nails, to admit of their being drawn 
out very fine, and prevent their breaking in the hoof. Wheehvright’s nails, 
which are forcibly nailed against the iron tire, and the clouts, also require the 
metal to be very tough. In like manner, hurdle-nails require good iron, that 
the points may clench soundly, and their broad heads not be broken off. The 
finer or smaller kinds of nails, being much drawn under the hammer, must also 
be of good iron ; and, indeed, all such where great stability is of essential 
importance. It would, probably, be good policy in the consumer to have all 
nads made of at least the second best, or medium quality of iron ; but the great 
competition by the manufacturers to render them as cheap as possible, leads to 
the employment of a very inferior quality of nail rods for making the majo- 
rity of nails, of which immense quantities are always in demand for the home 
trade, as well as for exportation to all parts of the world. 

Of the wrought, or forged iron nails, there are about 300 sorts, the foijps of 
which are known to the trade by certain specific names, which, for the most 
part, express the uses to which they are applied ; as hurdle, pail, deck, scupper, 
mop, &c ; but there are others whose applications are so general that they are 
distinguished by certain technical names, e.xpressive of their form ; thus — 
rose, clasp, diamond, &c., explain the form of their heads, mAflat, sharp, spear, 
&c. their points. The thickness of any specified form is expressed by the terms 
fine, bastard, strong. The length of some kinds of nails is direcjly expressed by 
their lineal measure ; but their length is more usually comprehended by the 
number of pounds or ounces a thousand of them weigh. Thus the simpje* 
denomination “ 7 lb. rose,” implies a rose-headed nail with a sharp point, 
weighing about 7 lbs. to the thousand, and measuring about IJ inch in length. 
Now rose nails are made from 1^ to 40 lbs. per thousand; in all, about thirty 
different sizes ; and taking the various sizes of other nails (which are not so 
numerous), we may compute the average number of sizes of each sort at 10, • 
which, multiplied by 300, the number of sorts before mwitioned, makes 3000 
distinctive names to nails, all of which are immediately and precisely understoot^ 
by persons engaged in the trade. The terms employed by retailers, of fourpenny, 
sixpenny, tcnpenny, &c., are very undefined as respects the kind, as well as.tbe 
Pi^ise size, these varying with the locality wherein they are sold. To enter into. 
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a detailed description of aU the varieties we have named would be tedious and 
uninteresting to the generality of readers; but impressed with the universal 
utility of more information than we have already given, we shall proceed to 
a very condensed and systematic view of their peculiarities and uses. 

It having been explained how the various sizes and thicknesses are distin- 
guished, it will Qnly be necessary to show the principal distinguishing forms, 
without regard to actual dimensions. For convenience, therefore, the several 
kinds delineated in the following engravings are represented fs of one size ; 
and the words printed above and under each, are their proper names. 


Hose. Rose. dasp. Clout. Counter-sk. Dog. Kent. Rose. Counteract. Billed 


Sharp. 

1 , 


Flat. 

2 . 


Bastard. 

3 . 


Fine. 

4 . 



V 



Hurdle. Clench. Rove. Horse. Brads. 
7 . 8 . 9 . 10 . 


The first described kind, rose-sharp, are very extensively, and almost univer- 
sally, used for coopering, fencing, and a great variety of coarse purposes, in 
which hard wood, such as oak and beech, are used. There is, however, a 
thinner sort, called fine-rose, of which prodigious quantities are sent to Canada 
and other parts, which are used in pine and other soft woods, their broad 
spreading heads being calculated to hold the work down. The rose, with flat 
or chisel points, are employed'in preference to the sharp, where the wood is in 
danger of being split by the driving in of the sharp points, which act as 
wedges, ’while those with flat points being driven with their edges across the 
grain, prevent the splitting eff"ect, and hold faster. For these reasons spikes are 
uniformly made with flat points, from 4 to 1 2 inches in length, unless ordered 
to the contrary, for the Brazil market, or other parts of the world, where they 
may be required for much harder woods than any of our own country. 

Of the third sort, clasp, there are three distinct thicknesses, — ^fine, bastard, 
and steeng ; and of each numerous sizes. These nails are those commonly used 
by the London and other house-carpenters, in deal and similar woods ; then- 
heads are made projecting downwards, so that when they are driven home 
flush, their heads stick into the wood and clasp it together, thus checking, to a 
certain extent, any disposition in the wood to split open ; their heads are, in 
smooth work, driven below the surface, so as afterwards to admit a plane over 
them. 

Of the fourth«ort, clout, there are, also, three thicknesses of the form of that 
shown ; namely, fine, bastard, and strong ; besides numerous sizes. Thev are 
much used for nailing iron work, and various substances to wood : they have a 
flat circular head, roimd shanks, and sharp points. 

There is, however, another kind of clout, extensively used by wheelwrights 
and smitlis, .called counter-clout, the form of which is delineated in the fifth 
illustration, which shows that they have counter-sinks under their heads, and 
•'chisel points ; they are usually made of tough iron, to bear the battering they 
receive in nailing dotfh the stout iron work for which they are designed : they 
from 1 inch up to 4 inches in length, and of any required thickness. 

The sixth figure of the foregoing sketches, is denominated in, crfitra- 

distenction to strong, of weighty-dog, the diiference being merely in their propor- 
tionate thickness ; these are made from 1 } to 5 inches'long, and are used for simik^ 
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purposes to the last-mentioned, as well as others, where the heads (which are 
very solid, and slightly countersunk,) are not required to lie flush with the 
work ; their shanks are round drawn, and their points speared, which adapts 
them for piercing and clenching well. 

The seventh n ail is called Kent-hurMe, probably from having been first used 
in Kent of that peculiar form: has a broad, thinnish' rose-head, a clean-drawn, 
flat shank, a good spear-point, well adapted for nailing and clenching the oaken 
bars of hurdles together. There are several kinds of hurdle-nails differing from 
these, but in p(?!nts so immaterial as not to require notice in this article. Gate- 
na'ds, which are nearly allied to them, are similar in form, but are usually made 
stouter : they are made of various lengths. 

The eighth of the foregoing figures, rose-clench, is a class used for ship and 
boat huilding, of which there are several varieties, and numerous sizes. For 
the former purpose they are much employed in nailing on the wood sheathing, 
which is soft, and liable to split, unless bored ; and as the nails have no points, 
the ends being left square, they punch out their own holes, driving a por- 
tion of the wood before them, hold very fast, and render boring unnecessary. 
For the latter reasons clench-nails are now extensively used in the making 
of packing-cases and boxes, it being found, by experience, that this form holds 
much firmer when driven in the direction of the grain of the wood, than 
tapered or pointed nails. The term clench is, however, derived from the mode 
of employing them in boat- building, in which they are clenched, either by bat- 
tering down the extremity with the hammer, or, preferably, by placing over the 
extremity a little diamond-shaped plate of metal, as shown in the drawing, and 
called a rove, and riveting the end of the clench-nail down upon it, which 
draws the planks, &c. of the boat very firmly and durably together. We are 
surprised that this simple, cheap, and admirable mode of fastening, should be 
almost wholly confined to boat-building. 

Fig. 9 represents the horse-shoe nails in general use ; [formerly the heads were 
made square, which are now nearly disused, the preference to the counter-sunk 
being chiefly given on account of their lying flush in the groove made for them, 
and more securely attaching the shoe to the hoof. 

Fig. 10 represents one of a large class of very useful nails, called hrads ; they 
are made of various thicknesses, according to the strength of the work, and 
varying in length from J to 3 inches. 

Deck-spikes do not have rose-heads, as they would leave greater holes in the 
surface ; But either a neat, square, flat head, that beds in flush with the surface, 
or a clasp or diamond head, as shown in Fig. 3. Scupper-nails have extremely 
broad heads for fastening down thejead linings. Sheathing-naUs, of the ordinary 
kind, are stout, flat, pointed nails, with clasp heads. There are also peculiarly 
formed nails for the rudders, the ribs, and various other parts of ships, ^he 
nails used in barge-building are chiefly very broad and flat in the shanks, with 
chisel points. Pound-naUs are extensively used in Essex, Suffolk, and Norfolk ; 
their form will be understood by reference to the rose-sharp, which they resemble 
in form, but are made stiffer, and with better and more solid heads ; they are 
excellent for coarse, strong work, such as field-fencing, in oak. 

Tacks are also a very numerous and useful class of nails ; they are techni- 
cally divided into rose-tacks, Flemish-tacks, and clout-tacks ; the Flemish- tacks, 
however, chiefly obtain ; and the heads of these are “ Flemished,” that is, not 
raised so much as a rose-head, nor so flat as a clout-head. The sizes of thes^ ' 
are from an eighth to three-quarters of an inch in length ; or, as they are 
denominated, from 1 oz. to 16 oz. per thousand. The chief place of manufac- 
ture for these, and other very small kinds, is Bromsgrove, in Worcestershire, 
.where it is a common feat of the work-people to forge a thousand (1200) tacks 
so small as to easily fill the barrel of an ordinary goose-quill, the weight of the 
tacks being about 20 grains. 

We could extend our description to numerous other denominations of 
forged wrought-iron nails ; but as these, for the most part, differ in merely 
unessential points from those we have explained, we shalinext proceed to the 
consideration of — 
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Cast-iron nails. These, from their great brittleness, are applicable to 
comparatively few purposes, such as garden-walls, the lathing of plasterers, 
" coarse shoes and boots, &c. ; and they are desirable for those purposes merely 
on account of their great cheapness. It should, however, be observed, that 
* cast-iron nails are made of three distinct qualities, two of which are produced 
by annealing propesses subsequent to that of casting. In the state the nails 
come from the moulds, they are so extremely brittle as to be only applicable to 
shoes, and those only of the very small short kinds, called spajj-ow-bills. The 
cast nails for the use of plasterers, as well as those for garden-walls, and those 
of similar sizes, undergo a process of annealing to prevent their flying into 
pieces on being driven by a hammer. The best sort of cast-iron nails are called 
“malleable cast-iron,” from their actually being rendered partially so by .a long 
continued process of annealing ; but the metal used for this purpose is very 
pure, having been deprived of the greater part of its carbon. It is, however, 
only a few sorts of small nails of this kind, such as tacks, that have stood the 
test of experience ; the annealing process having the effect of not merely 
destroying the brittle quality, but of rendering the metal nearly as soft as 
copper, and, consequently, not sufficiently stiff for the purposes designed. All 
attempts to combine in cast iron nails the properties of adequate stiffiiess free 
from brittleness, having failed, the manufacture of cut or pressed iron nails by 
machinery, from sheets of wrought iron, has been resorted to, and it has been 
attended with considerable success. 

Cut or pressed iron nails. — Sheets of rolled iron, of the thickness of the 
intended nails, are cut into strips or ribands, that are in width equal to the 
length of the intended nails ; being then held horizontally, with a flat side 
upwards, the ends are pushed in a slide against a regulated stop, under a cutter, 
fixed to a powerful lever, or, as i.s generally the case, to the lower extremity of 
a fly-press, which cuts off a portion constituting a brad, or nail. In making 
brads or sprigs, which have no heads, and are merely wedge-formed pins, the 
strip of iron is turned upside down, alternately, at every cut, which keeps the 
inclination of the angle of the cut uniform throughout the length of the strip 
of iron without any waste. In making brads with half-heads, or bills, the strip 
of iron is kept with the same side upwards, and the position of the cutter is 
alternately reversed by making a half turn backwards and forwards ; thus are 
formed two hilled-brads out of one parallelogram. To make this matter under- 
stood, we add the annexed illus- 
tration ; — a represents a strip of 
sheet-iron, which is passed between 
two guides h b against the stop c; 
the line d d marks the direction of 
of the cutter, which may 
3sed to have descended 
and cut off a portion e, forming a 
brad : it will now be seen that if 
the strip a be turned upside down, and pushed against the stop c, the next por- 
tion f will take the place and position of e, and, consequently, be cut off by the 
next descent of the cutter dd ; and thus, by repeatedly turning the strip over 
and back agayi, and pushing it forward every time with one hand, while the 
other is occupied in working the lever of a fly-press, the brads are formed with 

* great rapidity. It will be seen, likewise, on reference to those lines marked g 
in the figure, that they represent two brads, with half-heads, or bills, which, 
being placed in that manner, head to point, it is obvious that, by turning the 
cutter half-way round alternately, they will be cut both alike, out of one paral- 
lelogram, as represented. Except for making the larger kind of cut nails, the 

• strength of boys and women is fully competent, who are, consequently, 
employed in most isenufactories, each of them working a distinct press ; and 

^ headless nails are thus made by each worker with nearly the rapidity and regu- 
larity of the ticking of a watch. Ingenuity has, however, devised mu(^ more 
ejpeditious modes o^working, of which the machine we shall next describe is 
a respectable specimen. It is a recent invention of Messrs. Ledsam and Julies, 
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of Birmingham, to whose enrolled specification of their patent we stand indebted 
for the following information. 

Messrs. Ledsam and Jones have given, in their specification, a series of ^ 
drawings, representing two difierent fiirms of their machine, together with 
several variations in the detail ; but it has been our study to comprise all that 
is essential in the following elevation of their apparatus, which, we trust, will 
be comprehended by this explanation ; — a a in the following engraving, 



exhibit two (out of four) of the standards to the frame, the other two being ^ 
behind them, and connected, in a similar way, by hmjzontal bars, as that 
at h. This frame is fixed, and forms the support of a swinging-frame c c, and a 
horizontal shaft d d, which revolves in bearings at c e ; / is an eccentric on the* 
shaft R, regulated by a screw, and acting on a fragje g, attached to the 
swinging-frame e, which latter vibrates upon arms or trunnions h h ; i is a edn- 
neo#ug rod attached to the crank on the axis d, and to the axis of a stout pair 
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of leaves k k ; this axis moves vertically in a groove, as shown by (lotted lines in 
the central cheeks of the swinging-frame ; the leaves k k are connected by 
^ hinges to the boxes 1 1, which are supported by the rocking standards mm; these 
boxes contain the moving cutters h n, which are kept in their places by screws 
* (not shown) ; on the inclined faces of this gauge, the rods, or strips, of which 
the nails or brads are formed, rest; rr are fixed cutters in the end cheeks of 
a swinging-frame", and retained in their places by screws s s ; t a. frame attached 
to the fixed frame, and carrying the eross-bar u, shown on a larger scale by the 
annexed Fig. 2 ; w is one of the guide rods hooked on the Cross-bar v, and 
screwed up to a beam above ; 

X a perforated weight sliding 
upon IV, having its lower end 
hollowed to receive the ends 
of the bar, or strip y, of which 
the brads are made. This bar 
slides down after every cut 
against the edge of the fixed 
cutter r, and rests upon the 
surface of the gauge g, which 
determines the breadth of the 
nail ; then the leaf k forces 
forward the box I, containing 
the cutter n, which cuts off the 
iron in a right line with the 
plane of the under surface 
of the opposite cutter r. z, 

Fig. 1, is a band-wheel for communicating motion from the prime mover, with 
a loose pulley at its side for throwing the machine out of action. 

The action of the machine is as follows : — By the revolution of the axis d, the 
eccentric upon it forces the swinging-frame c into an inclined position ; the 
crank on the axis at the same time acting upon the rod i, draws the leaves k k 
into a horizontal position, and thereby forces the movable cutters n n forward 
against the fixed cutters r r, dividing obliquely the strips of iron placed between 
them in their progress, the same as if cut by shears ; the brads thus formed fall 
down the inclined surface of the gauge, and are received in a box beneath. 
The opposite vibration of the swinging-frame makes a second cut, and thus on 
both sides of the machine (though represented only on one side) a series of 
rods, or strips of iron, are placed in a line, all of which are cut twice at every 
revolution ; thus, supposing eight rods or strips (the number used by the 
patentees) are applied to each pair of cutters, 32 brads are cut at every 
rev't^'ition of the axis ; of course a considerable power being necessary to do 
this, that of a steam-engine, or water-wheel, is to be employed in this machine, 
in preference to manual labour. The ends of the cutters are only brought into 
view in the figure ; these are, however, of greater, and may be of any required 
length, to cut a given number of brads at a time, as may suit the power of the 
engine, and other circumstances. It will now be seen, that, by the patentees 
employing long continuous cutters, and causing them to take an opposite inclined 
position at eac^ vibration of the swinging-frame, a number of brads are cut at 
once, without moving the rods, which drop down to the stop on the gauge as 
• (Jiey are cut. By the former mode described, with the fly-presses, the cutter 
moves always in the same plane, and the iron is turned round, or inclined, 
instead. In cutting that species of brads with heads, the patentees employ 
cutters with gaps left in their edges, and the cross-bar v has slits in it to receive 
the rods y, and, instead of being fixed, receives an alternating side motion from 
•- the frame. 

For the purpose ottheading the nails, the shanks made, as already described, 
^re usually brought under the operation of a heavy hammer head, which is lifted 
from its work by a spring pole, like a turner’s throw, and is brought dow^ upon 
it Jiy a pedal, workedeby a woman, sitting down before a little bench; in front 
ol this bench is fixed a pair of clams, wmch are opened and shut by the ti^n- 
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ing of the lever of a screw on the left hand of the operator, who, with her 
right hand, successively places the shanks between the jaws of the clams, brings 
the hammer smartly down upon it, which forms the head ; and then, by turn- 
ing the screw with her left hand, the jaws open, and the newl 3 '-headed nail 
drops into a box underneath. The clams are provided with steel dies, impressed 
with the shape of the under -side of the head and that of thp shank, and so 
much of the length only, as to leave projecting above the top a sufficiency of 
metal to form «the head ; the form of the upper surface of the head being 
determined by a die fixed in the face of the hammer. 

There are, however, several manufactories in which the machinery is so con- 
structed as to cut and head the nails by a single operation of the same machine. 
This mode of manufacturing, we believe, originated in America, where such 
machinery has been long since in successful use. In 1829 Mr. Edward 
Hancorne took out a patent for an improvement upon the American mechanism. 
We have perused the specification of this patent, from which we learn that the 
invention is “ the communication of a foreigner residing abroad;” and that it 
consists in a machine made of two horizontal frames, the one movable and 
the other fixed, an axis with a crank, a cam, a fly-wheel, and drum. The 
bearings of the axis are attached to the lower or fixed frame, and the crank is 
connected with, and causes the upper or movable frame to traverse in grooved 
guides on the lower. From an iron rod, of an appropriate size, placed hot into 
the machine, a piece the size required for a nail is cut off by two cutting edges 
brought together by the motion of the upper frame, and held between two 
steels, while the head of the nail is formed by the action of a kind of hammer, 
whose face is shaped like a die into the form required, and whose stem is acted 
upon by a kind of cone on the axis. The nail is then to be tapered or pointed 
by the action of two eccentric steel sectors, whose circular surfaces are placed, 
at the commencement of the operation, sufficiently apart to receive the thickest 
portion of the nail; and at the termination of the operation, when they are 
brought by the motion of the upper frame in a position with the point of con- 
tact, is nearly in a line between the centres of motion. 

Brass and copper nails are extensively used for shipping, and some other pur- 
poses. For nailing on the copper sheathing of ships, nails cast of an alloy of 
tin and copper are generally used ; but great efforts were made by a manufac- 
turer at Bristol, some years ago, to substitute for them nails of pure copper : 
these, for a time, obtained a preference in the navy yards, as well as the mer- 
chants’ yards ; it having been shown that the bottoms of ships, whose sheathing 
had been nailed with the rough-headed cast metal nails, were extremely foul, 
and that to the head of almost every such nail was appended a barnacle, which 
materially impeded the sailing of the ships. Mr, Guppy (the manufacturer to 
whom we have alluded) made his nails with a smooth bright head (prc'^tsced 
by the polished surface of the hammer,) which, being counter-sunk underneath, 
were driven down flush with the surface of the copper sheathing. The improve- 
ihent was evident, and experience showed that ships so sheathed sailed better 
and returned home from their voyages earlier, and with cleaner bottoms. 'This 
triumph, or rather success, was of short duration. Mr. Greenfell, who had for 
many j-ears supplied the government with copper sheathing and nails, took 
the hint afforded by the smooth-headed nails, (the admirable, construction of 
which were in other respects the subject of a patent granted to Mr. Guppy,) and 
had the rough heads of his cast nails made flat, smooth, and bright, on the uppar’ 
surface, by turning in a simple kind of lathe ; and upon repeated trials of these, 
they w'ere found in no respect inferior to Mr. Guppy's patent, while they were 
materially cheaper, and they have, in consequence, maintained their ground, to 
the almost total exclusion of the pure copper nails, for the peculiar purpose 
mentioned. Pure copper nails are, however, extensively used in ship-building, » 
and sea-going boats, on account of their greater duratSlity than iron, when 
exposed to the action of salt water. The principal kind in use are rose-clench, 
similir in form to the iron nails of that denomination, already explained and 
figured. The manner of making these nails is similaf to that of the otjier 
kjjrds, and may be readily explained and practised by our brief description. The 
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copper nail-maker furnishes himself from the copper wire-drawer with square 
wire of the sizes of the intended nads. Suppose, for instance, he has to make 
- some rose-clench, two inches long ; he takes the square copper wire of the 
required thickness of the nail, and, by means of his fixed shears, he cuts the 
wire into lengths of about 2 inches and ; the ^ being required to 
form the head. exactly of a length, by the wire being pushed 

against a stop before it is cut ; this stop is fixed to the block, and is adjustable 
to any required distance from the edge of the shears. The only-tools necessary 
to complete these pieces of wire into nails, are a strong smith’s vice, a hammer, 
and a pair of clams, designed to hold wire of the size. The jaws of these 
clams open by a spring, and are closed by compressing the jaws of the vice ; 
when so closed they leave a cavity between them, which is occupied by a 
piece of the copper wire before mentioned, ^ of which project above the 
upper surface of the clams. The workman then, with one or two blows of 
his hammer, drives the wire firmly to the bottom of the groove made between 
the clams (or against a stop placed therein) ; this has the effect of spreading out 
the head sufficiently to receive four more blows struck around it in an inclined 
direction, which produces foiu- facets, meeting at the top, called a rose-head : 
then, by turning the handle of the vice, the jaws of the clams open, the nail is 
taken out, and another piece of wire substituted to repeat the heading operation 
described. It is obvious, that by the same tools, and a different application of 
the hammer, a fiat, a diamond, or other formed head, may be made. To 
strengthen the heads underneath the upper edges of the clams are slightly 
countersunk ; and in order that a single pair of clams may do for various lenyths 
of one sized wire, the groove is made the depth of the longest ; and for any 
nail of a shorter length, a piece of wire is dropped in the groove, as a stop, of 
such a length as, with the intended nail, to fill the groove entirely. Should the 
nails thus made be required with flat points, they are flattened by a few blows 
upon an anvO, in the cold state. Copper in the cold state is worked under the 
hammer with about the same facility as iron at a cherry-red heat. 

NAPHTHA, or Rock Oil, is a yellow or brownish bituminous fluid, of strong 
penetrating odour, greasy to the touch, and so light as to float on alcohol. By 
exposure to the air it thickens into the substance called petroleum. There are 
copious springs of naphtha at Baku, on the shore of the Caspian Sea. There 
are also at Pitchford, in Shropshire, extensive beds of sandstone, saturated with 
this fluid, which is separated from the stone by distillation, and is sold under 
the name of Betton’s British oil. The Russians and Persians use naphtha inteiv 
nally, as a cordial. Naphtha bums with a brilliant white flame, and is therefore 
much used in lamps, both at home and abroad. 

NAPIER’S BONES, or Napier’s Rods, are certain instruments invented by 
LoriEiNapier, for performing some of the fundamental rules of arithmetic, by 
an easy mechanical process. They may be made of bone, ivory, horn, wood, 
pasteboard, or any other convenient materiah There are five of them, and the 
face of each is divided into nine equal parts, each being subdivided by a 
diagonal line into two triangles. In these compartments or squares the num- 
bers of the multiplication table are inserted, the units or right-hand figures 
being placed in the right-hand triangle, and the tens in the left. 

NAPLES YELLOW, is prepared by calcining lead with antimony and 
potash, in a reverberatory furnace. See Paintino. 

. cNATRON. The native carbonate of soda. It is found in vast abundance 
in the lakes near Alexandria, in Egypt. 

NAUTICAL INDICATOR. For finding the latitude, longitude, and varia- 
tion, invented by James Hunter, member of the Glasgow Philosophical Society. 
The indicator consists of a stand, supporting a circular plate of polished brass, 
*about 14 inches in diameter, representing the horizon, and marked and num- 
bered accordingly witfi*the proper divisions. This horizon is surmounted by a 
semicircular plate, as a meridian, set at right angles to the plane of the horizon- 
ffil plate, properly divided, and furnished with an index attached to a nonius, 
indicating minutes, "rtiis meridian plate is cut out at the centre to allow room 
for a pivot, or hinge, for other parts of the indicator. On one side of tliis meridi^ 
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are placed two quadrants, and on the other side one, similarly divided as the 
meridian, and furnished with a similar index and nonius. These quadrants are 
movable on a pivot or hinge, rising perpendicularly from the centre of the 
horizontal plate, or agreeing to this centre ; they are singly movable on the 
pivot, but capable of being attached at any relative distance, and retained in 
that situation by a screw, binding together tails attached for that purpose. To 
the east and west points of the horizontal plate is attached a horary circle, 
divided into ho^rs, &c. This horary circle represents the daily path of the sun, 
and it may be furnished with a nonius, as other parts are. This circle is so 
attached to the horizontal plate, that it can be moved parallel to it to suit the 
sun’s declination ; this is effected by the circle being attached to two tangent 
plates, which, by grooves, slide on the projections from the horizontal plate by 
means of screws passing through and working in these projections, and carrying 
the tangent plates, and with them the horary circle, to the degree of the sun’s 
declination. This degree is indicated on a scale of tangent divisions on the 
tangent plates ; and as such tangents are of various lengths, an expanding ver~ 
nier is used to adjust them. Its expansion is effected by friction wheels, and 
springs working against a proper curve. 

NAVE. The central boss, or hiJ>, as it is in some places called, of a wheel, 
through which the axletree passes, and which receives the ends of the spokes 
in deep mortices made therein. Although the naves made of wood are usually 
of great solidity, these parts are so subject to strains and concussions as not to be 
so durable as the mass of material might lead one to suppose. In consequence 
of this defect, a patent was taken out some years ago for making this part of 
cast iron, which has been extensively, and, we doubt not, advantageously 
adopted. 

NEEDLES. Well known little instruments, usually made of steel, pointed 
at one end, and perforated at the other, to receive a thread, for sewing with, 
&c. The processes of manufacturing needles have been much varied, but the 
following account combines the most recent improvements. 

Steel wire of the size required, after having been annealed, is cut from the 
coils into lengths of four or five inches ; these are gathered up into cylindrical 
bundles of three or four inches in diameter, over the ends of which are passed 
two stout iron rings, and more wires in their curved state are forced amongst 
those in the bundle, until the rings are tightly packed. This bundle is laid upon 
an iron slab, and over it a bar of iron about two feet long is placed, transversely 
between the two iron rings ; the workman then takes hold of each end of the 
iron bar, and, pressing it against the bundle of wires, he rolls the latter back- 
wards and forwards over the iron slab until every steel wire in the bundle becomes 
perfectly straightened. These wires are next pointed upon a grindstone running 
dry. In this operation, the workman, sitting astride before the stone on a Idcck 
shaped like a saddle, takes up 20 or 30 wires, laid side by side across a small 
wooden ruler, covered with soft leather, another similar ruler being laid over the 
needles to confine them. The workman holds the rulers in his hands, and thus 
presenting the wires to the grindstone, points them with great dexterity, each 
wire revolving whilst in contact with the stone. After pointing, the wires are 
cut off the length of the required needles. The next operation is flattening a 
little the ends that have to receive the eyes. This is effected by a workman 
taking three or four pieces of wire between his finger and thumb, placing them 
upon an anvil, and, striking one blow upon each, expands the ends sufficiently* 
to receive the point of the punch, which pierces the eye. This the same person 
does, before he lays them down, with a small instrument, fixed on the same 
block as that to which the handle is fixed. The end of the needle is placed 
in a small notch in the bed of the instrument, and is put exactly beneath 
the punch, and a slight stroke of the hammer punches the eye, and at» 
the same time forms the semicircular groove near tl* eye of the needle, 
to bury the thread. The notch which receives the needle is made in % 
piec* of steel, which fits into a dove-tailed notch in the bed of the instrument, 
so that it can be changed for a larger or smaller, corrfspondent to the siz^e of 
needles to be pierced. The workman holds the needles in the same manner 
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as he did for flatting ; and placing them one by one successively in the notch ia 
the bed-piece, pierces them through by a single blow of his hammer in the end 
of a slider, which recoils to its former position by the reaction of a spring. He 
now places the next needle under the punch ; and when they are all pierced in 
this manner, he rolls them over by moving his thumb, so as to turn them all 
half-round, and bring them upwards on the opposite side to that which was 
pierced ; this being done, he repeats the punching on the other side with a view 
to finish and clear the eye, and to complete the groove whiclj there is in all 
needles. They are now rounded at the eye end to take off die roughness, 
which is effected in an instant by applying them to a grindstone. 

In making the larger kinds of needles, the grooves are formed, and the eyes 
pierced, by a stamp and fly-press. A piece of wire of the length of two 
needles, and pointed at both ends, is placed exactly in the middle, upon a steel 
die, having the form of the eye groove, &c. projecting from its surface ; and 
over this die is suspended another exactly similar, so that, by means of a blow 
from the stamp hammer, the two needles between the dies are exactly impressed 
on both sides with the grooves already mentioned. The piece of pointed wire 
is then in a similar manner placed under a fly-press, where, by means of two 
very delicate steel punches falling over corresponding holes in a die, the two 
eyes are instantly pierced with great precision. These needles are then divided, 
and the heads corrected with a smooth file. During these operations the 
needles have become more or less crooked ; these are, therefore, placed in files 
on a smooth metal plate, and with an iron rolled until they are straight. 

The next processes are hardening and tempering. To effect these, the 
needles are placed several thousands together, covered with ashes, in a cast-iron 
box, and heated in a close furnace to a cherry red, when the box is withdrawn, 
and its contents dropped into a tub of cold water ; they are next taken out of 
the water, and placed upon an iron plate, kept nearly red hot by means of a fire 
underneath; here they are carefully distributed about, so as to heat them 
equally, and until they acquire the blue tinge, when they are immediately 
removed. Some manufacturers make use of oil or tallow, and other ingre- 
dients, instead of water, which substances are supposed by them to improve the 
process. The needles, thus hardened, are returned to the furnace with the oil 
upon them, and remain there till the oil inflames, when they are withdrawn 
and again cooled in cold water. This second process tempers them ; at first 
they were quite hard, and so brittle as to break with the slightest touch ; the 
tempering renders them tough, yet sufficiently hard to take a good point. 
When they are hardened in water, according to the former method, it is con- 
sidered that the proper heat for tempering them can only be determined by 
long experience and observation ; but that the flaming of the oil determines the 
pre^jjie temperature. If the needles be now examined, many of them will be 
found to have become crooked in the liardening ; these are discovered by rolling 
them over as they lay in rows on a board, and such are selected and made 
straight by a blow in a notch in a small anvil for the purpose. In some manu- 
factories the needles are next pointed and finished ; in others, where the pointing 
has been already effected, the next process is that called — 

Scouring . — In this process the needles are piled in rows many tiers deep, and 
in several parallel rows, upon a piece of buckram, or stout cloth, which is satu- 
rated with oil and fine emery. The needles, after they are deposited, are 
'also sprinkled over with flour of emery and oil, when the whole mass, containing 
from 10 to 50,000 needles, is tightly rolled up and well bound at both ends. 
Several of such rolls are operated upon together by a kind of mangle ; a stout 
plank being laid upon the rolls of needles, which is loaded with heavy weights, 
and made to traverse backwards and forwards for two or three days. During 
Bthis time several successive WTappers have been completely worn out, which 
have been replaced bp new ones, with fresh charges of oil and emery, and 
^metimes soft soap. At the end of three days they are thus made very bright 
and clean. o 

In the next operatioif^ called heading and picking, the eyes of all the needles 
are placed in one direction, and all the points in another; and all the needlps 
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with broken eyes or points, are picked. These operations are usually performed 
by children with a dexterity and rapidity that can only be acquired by practice. 
The needles are placed sideways in a heap, on a table in front of the operator. 
The child puts on the forefinger of its right hand a small cloth cap, or finger- * 
stall, and rolling from the heap from six to twelve needles, it keeps them down 
by the forefinger of the left hand, whilst it presses the forefinger of the right * 
hand gently against the ends of the needles; those which .have their points 
towards the right hand, stick into the finger-stall ; and the child, removing the 
finger of the l^t hand, allows the needles sticking into the cloth to be slightly 
raised, and then pushes them towards the left side. Those needles which had 
their eyes on the right hand, do not stick into the finger-stall, and are pushed 
to the heap on the right side previous to the repetition of the process ; each 
• movement of the finger carrying five or six needles to its proper heap. 

The finishing operation to tlie best needles consists in what is termed blue 
pointing, in allusion to the dark polish upon them ; this is effected by a revolving 
stone, of a bluish colour, against which the needles, several at a time, are 
applied. After this they are made up into little packages of fi-om 25 to 100 
each, and labelled for sale. 

The needles which have, of late years, been so much puffed by the vendors 
as “ wai ranted not to cut the thread” and to be “ gold-eyed” and “ silver- 
eyed,” are made the same as other needles with these trifling variations ; — the 
eyes of the former being produced by dipping them into an ethereal solution of 
gold ; but the eyes of the latter have not a particle of silver laid over them, 
the silvery hue upon them being produced by a peculiar kind of polish. The 
“ drilled-eyed needles” do, however, possess the merit of being less disposed to 
cut the thread ; the eyes of these are made, at first, in the usual way, and are 
afterwards finished by a drilling counter-sink, which improves them materially ; 
and the steel being softened to enable the drill to cut, they rarely snap or break 
in the eye. 

Packing-needles, bodkins, ^e. — Some years ago a patent was taken out for 
making needles of this kind, by Mr. William Bell, of Walsall; and as the 
manufacture of them has ever since been continued with success, we shall close 
the present subject by subjoining that gentleman’s brief specification verbatim. 
“The method by which I make needles, bodkins, fish-hooks, knitting-pins, 
netting-needles, and sail-needles, is by casting them with steel, or common 
fusible iron, called pig or cast-iron, into moulds, or flasks, made with fine sand ; 
or, otherwise, I make stocks or moulds, of iron or steel, or any other compo- 
sition capable of being made into moulds ; on which stocks or moulds I sink, 

engrave, or stamp, impressions of the said articles. Into these I pour my 
melted iron or steel (I prefer for my purpose sand casting), and prepare my iron 
, or steel as follows : — I melt it in a pot. or crucible, in small quantities about the 

i weight of twelve pounds (and upwards to twenty pounds), the mor''<*9mi- 

veniently to divest it of its heterogenous particles, and to purify it from its 

earthy or sulphureous qualities. AVhen the iron has attained a proper heat, I 
take charcoal-dust, mixed with lime or common salt, which I throw into the 
pot of melted iron ; and, by frequently stirring it with an iron rod, I bring to 
the surface of the iron a scoria, which I frequently skim off, and thus bring ray 
iron into a refined state ; I then pour it into the mould before described. The 
articles being thus formed, are capable of being softened, hardajied, or tempered, 
in tbe usual way, by which needles, bodkins, fish-hooks, knitting-pins, netting- 
needles, and sail-needles, have, heretofore, been manufactured ; therefore, yid 
principal merit of my invention is in casting them instead of making them in 
the usual way.” 

NET. A trellis-like fabric of threads or cords, chiefly used for entrapping 
fish, birds, and other animals. The term is likewise applied to a particular 
branch of manufacture, of a fine open texture, usually applied to the purposes* 
of dress. The making of the former description of net A*an easy process. The 
necessary tools merely consist of wooden needles, of different sizes, some round, 
,md*others flat, a pair of round-pointed and flat scissars, and a wheel to wind 
off the threads ; the strength of the packthread, of whTch the net is comppsed, 
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and the size of the meshes, depending upon the particular description of birds or 
fishes required to be taken. It is necessmy, in many cases, to alter the natural 
, colour of the thread ; the colour usually used is russet, which is obtained by 
immersing the thread in a tanner’s pit, and letting it lie there until sufiSciently 
, tinged. A green colour, which is sometimes desirable, is obtained by chopping 
some wheat, and boiling it in water, and then soaking the net in the tincture. 
A yellow colour is obtained by the same process, using the decoction of celan- 
dine, which gives a pale straw colour. 

Mr. Alexander Buchanan, of Paisley, some years ago inventld an ingenious 
machine for weaving any description of net-work without knots, and likewise to 
allow the holes or meshes of the net-work to be enlarged or diminished at the 
pleasure of the operator. The annexed engraving will convey an adequate 
idea of this machim. A B C D represents a wooden stand, upon which an iron 



frame E F G H is supported at each corner ; in this frame there are seven 
wheels 1 2 3 4 5 6 7 that pitch into each other,* iklm o 

are continuations of the axis of the wheels numbered ^ p. 

13 5 7; upon the ends of the axis thus continued, cir- 

cular pieces of Wood IKLM are fixed, of which / 4 I |\ 

fig. 2 is a representation. The other wheels 2 4 6 are / /[ \ 

in&oduced in order that, when the machine is put in / / 1 

motion, those numbered 1 3 5 7 may revolve in the { I 

same direction, as it is necessary that the parts of the 1 1 

machine attached to the axis of these should do so. \ \ / 

Into each of the circular pieces of wood four grooves \ \ / 

are cut, which allow % shuttles abed efg h to slide y 

out and in, at the circumferences of the circular woods, 

bSt prevent them from coming out when drawn in a direction towards R; thwuse 
o e groovy Is mallow t^e shuttles to be moved from one circular wood toanother 
in crossing tne threads to form meshes of the net-work. In our figure the circular 


( 



NICKEL. 


193 


woods are represented as turned half round, to show the grooves and shuttles in 
them. The pirns, or bobbins, of which one end is considerably thicker than the 
other, are provided with grooves, which, when the bobbin is placed in its proper 
situation, admits a spring, which acts as a counterpart to a v ' ' ' ' • ^ 

the ends of the threads ; each of these springs must be . . ■ 

that their aggregate strength will prevent the weight from drawing the threads 
off the pirns, and, at the same time, sufficiently weak to allow the threads to 
come easily off Ijie pirns when drawn by the operator. Into the centre wheel 
4 another pitches, having the same number of teeth ; this wheel, which cannot 
be represented in the figure, is fixed to one end of the iron rod O P, at the other 
end of which a handle N is attached ; by this handle the machine is put in 
motion. 

Having now given a general description of Mr. Buchanan’s machine, we 
proceed to the method of using it. The pirns or bobbins having been previously 
filled with thread, or with any other material of which the net-work is to be 
composed, are placed on the shuttles. The ends of the threads are then col- 
lected and tied together; after which they are put through a ring that is 
fastened on the top of the gudgeon S, and also through a hole T in the sole, or 
wooden stand ; a weight is then suspended by the threads, the use of which is 
to prevent them from entangling. It must be obsen'ed, however, that before 
the machine is put in motion, the shuttles occupy the proper grooves ; this is 
illustrated in Fig. 1, where the shuttles a b, in the circular wood I, occupy the first 
and third grooves ; those of K occupy the second and fourth ; those of L the first 
and third; and those of M the second and fourth. The operator then commences 
weaving the net-work by turning the handle at N ; the size of the meshes of the 
net- work he increases or diminishes at pleasure, by turning the handle a greater or 
less number of times. The wheels are thus made to revolve in the iron frame, the 
circular pieces of wood likewise revolving in consequence of the continuation of the 
axis of four of the wheels, by means of which the threads that proceed from the 
shuttles of each, are twining round each other. The twist made by this move- 
ment is made fast by the operator, who puts a finger of his left hand between 
each pair of Ifc-eads, and with his right hand inserts horizontally the clearer, which 
is a thin piece of wood, shaped like a paper cutter, between each pair of threads, 
drawing both his hand and the clearer towards K, at which place it is prevented 
going any farther bj' a knot. He then removes his hand, leaving the clearer to 
keep the twist tight, and crosses the threads to form the meshes. This is 
effected by moving the shuttles from one circular wood to another, which 
operation resembles and effects exactly the same object as the crossing of the 
pins in working lace ; the shuttles of the middle circular woods are changed 
first. Those of the circular wood K, occupying the second and fourth grooves, 
are moved into the second and fourth grooves of the circular wood L, rkltir 
those of L are shifted into the first and third grooves of K ; this movement 
forms half a mesh. The operator then turns the handle the same number of 
times as formerly to twist the other side of the mesh that is already half- 
formed. This being done, and the twist made tight by the method just 
explained, the threads are again crossed, which is effected by moving the 
shuttles. By the first moving of the shuttles, those of the circular woods K 
were shifted into the corresponding grooves of L, and vice vend ; so that by 
shifting them in the present instance, those which originally occupied L are 
moved into I, and those that originally occupied K into M ; this operation com- • 
pletes other two meshes : thus, by twining and crossing the threads, any 
quantity of net-work may be wove, the operator drawing more thread off the 
pirns as the former quantity is used. 

NICKEL. A white metal, which, when pure, is both ductile and malleable, 
and may be forged into very thin plates, whose colour is intermediate, between 
that of silver and tin, and is not altered by the air; it is nb%rly as hard as iron. 
Its specific gravity is 8.279, and, when forged, 8.666. The species of nickel ores 
are its «lloy with arsenic and a little sulphur, and its oxide. The first is the 
most abundant, and the one from which nickel is usually e!ltracted. It isknowm 
to jjineralogists by the German name of kupfernickel, or false copper, from its 
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colour and appearance ; it occurs generally massive and disseminated ; its 
colour is copper red, of various shades. By the experiments that have been 
made, nickel, in its pure state, possesses a magnetic power. The effect of the 
magnet on it is little inferior to that which it exerts on iron ; and the metal 
itself becomes magnetic by friction with a magnet, or even by beating with a 
hammer. Magnetic needles have been made of it in France, and have been 
preferred to thoSe of steel, as resisting better the action of the air. The nickel 
preserves its magnetic property when alloyed with copper, though it is some- 
what diminished ; by a small portion of arsenic it is com^etely destroyed. 
Nickel is fusible at 150° of Wedgwood, and forms alloy with a number of 
metals. Nickel is found in Cornwall, and in some other counties of England ; 
in Germany, Sweden, France, Spain, and several parts of Asia. The Chinese 
employ it in making white copper ; and, in conjunction with copper and zinc, 
tliey manufacture it into various kinds of children’s toys. Nickel gives a 
certain degree of whiteness to iron ; it is used with advantage by some of the 
BiiTOingham manufacturers, in combination with that metal ; and, by others, 
in combination with brass. If it were possible to discover an easy method 
of working nickel, there can be little doubt but it would be found very 
valuable for surgical instruments, compass needles, and other articles, since it is 
not, like iron, liable to rust. Oxide of nickel is used for giving colours to 
enamels and porcelain : in different mixtures it produces brown, red, and grass- 
green tints. 

NITRATES. Compounds of the nitric acid, with various salifiable bases. 

NITRE. 'The usual name given to a combination of the nitric acid with 
potash. See Acid, Nirnic. 

NITROGEN. A simple or undecomposed gaseous substance, was first dis- 
tinguished by Dr. Rutherford, in 1772. It is sometimes called azote, from its 
inability to support animal life ; but it is commonly designated nitrogen, from 
its being an essential ingredient in nitric acid. It constitutes four-fifths of the 
volume of the atmosphere, and may therefore be procured by abstracting the 
oxygen from atmospheric air. It may be conveniently prepared by burning a 
piece of phosphorus in a jar full of air, inverted over water. The(i>hosphorus, 
on account of its strong affinity for oxygen, will abstract it from the mixture, 
and the vessel will become filled with a white cloud, which is the pyrophos- 
phoric acid. In about half an hour this will subside, and the residual gas is 
nitrogen, contaminated with a little carbonic acid and vapour of phosphorus, 
both of which may be removed by agitating them with a solution of pure 
potash. A solution of protosulphate of iron, charged with binoxide of nitrogen, 
will separate the oxygen from common air in a few minutes. A stick of phos- 
phorus placed in it will accomplish the same in twenty-four hours. Nitrogen gas 
jpay also be obtained by exposing a mixture of fresh muscle and nitric acid to 
a moderate temperature. Effervescence occurs, and a large quantity of nitrogen, 
mingled with carbonic acid, is evolved, the latter of which may be removed by 
agitation with lime water. Nitrogen, when pure, is a colourless gas, devoid of 
either smell or taste ; it does not bum, and extinguishes all burning bodies 
immersed in it ; it does not change the blue colour of vegetables ; no animal 
can live in it, yet it exerts no injurious influence on the lungs or other parts of 
the animal system, the privation of oxygen being the sole cause of death. 
Water, when deprived of air by boiling, takes up about one and a half per cent, 
of it. Its specific gravity is .9722; and therefore 100 cubic inches, at a mean 
'femperature and pressure, will weigh 30.15 grains. In the combination of 
nitrogen with oxygen in the atmosphere, it seems merely to moderate or dilute 
the oxygen, so as to render its action less energetic. Considerable doubts have 
existed as to its simple nature, in consequence of experiments made with the 
galvanic battery. When ammonia (which is a compound of nitrogen and 
hydrogen) is submi4?d, in conjunction with mercury, to the action of galvanism, 
an amalgam is formed, which is considered to arise from some metallic base in 
’ the hydrogen or nitrogen ; but as the idea of a meta.Iic base to bydroge% seems 
precluded by reason ?f its extreme h’ghtness, it has oeen inferr ed that it must 
foVm a constituent of the nitrogen. This supposition, however, seems incapable 
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of proof, as the constituents of tlie amalgam separate, and are resolved into 
ammonia, hydrogen, and mercury, as soon as the galvanic influence is with- 
drawn. Nitrogen unites with several substances in different proportions, 
forming a variety^ of compounds, distinguished by striking peculiarities. AVith 
oxygen are formed the nitrous and nitric oxide, and the hypo-nitrous, nitrous, 
and nitric acid. With chlorine and iodine it forms the chloride and iodide of 
nitrogen, and with hydrogen it forms ammonia. Our limits will permit us to 
give but a brief account of these. The nitrous oxide, or protoxide of nitrogen, 
was discovered bv Dr. Priestley in 1772, who called it dephlogisticated nitrous 
air. The best iSfode of procuring it is by means of nitrate of ammonia. When 
this salt is exposed to a temperature of 400® or 500® Fahr. it liquefies, and 
bubbles of gas begin to escape, and in a short time a brisk effervescence 
ensues, which continues till all the salt disappears. The nitrate of ammonia 
should be contained in a glass retoit, and the heat of a lamp applied, so as to 
maintain a moderately rapid evolution of gas. In accurate experiments the 
gas must be received over mercury ; but for ordinary purposes it may be 
received over water. It has a sweet taste, and a faint, agreeable odour, and is 
absorbed by its own volume of recently-boiled water. Most substances burn in 
it with far greater energy than in the atmosphere ; but the most remarkable 
of its properties is its effect when respired. A few deep inspirations are followed 
by the most agreeable feelings of excitement, similar to the early stages of 
intoxication. This is shewn by a strong propensity to laughter, by a rapid 
flow of vivid ideas, and an unusual disposition to muscular exertion. These 
feelings soon, however, subside, and the person recovers his ordinary state 
without e.xperiencing that languor which is the usual result of excitement by 
spirituous liquors. It varies somewhat in its effects on different individuals, 
and sometimes produces disagreeable symptoms. The specific gravity of this 
gas is 1.5277 ; and 100 cubic inches weigh 47.377 grains. The binoxide of 
nitrogen, or nitric oxide, is best obtained by the action of nitric acid of specific 
gravity 1.2 on metallic copper. Brisk effervescence ensues, and the gas may 
be collected over water or mercury. The nitric oxide is a colourless gas ; but 
when mixed with oxygen or atmospheric air, dense suffocating, orange-coloured 
vapour of nitrous acid is produced. Few inflammable substances burn in it ; 
charcoal and phosphorous, however, when in vivid combustion, bum in it with 
increased brilliancy. It is sparingly absorbed by water, does not redden vege- 
table blues, and is quite irrespirable. 100 cubic inches weigh 32.3 grains, and 
its specific gravity is 1.0416. The hypo-nitrous acid has not hitherto been 
obtained in a free state, but combined with potash. Pure nitrous acid is formed 
by the mixture of binoxide of nitrogen with oxy gen gas, out of contact with 
either water or mercury. AVhen condensed in water, it forms the liquid nitrous 
acid. 

NORIA. See Hidraclic Machines. ^ 

NUTGALLS. Excrescences formed on the leaves of the oak by the punc- 
ture of an insect, which deposits an egg upon them. The best galls of com- 
merce are those imported from Aleppo ; they are chiefly used by dyers, calico 
printers, and ink makers, and are peculiarly valuable on account of their 
richness in tannin and the gallic acid. 

NUTMEG. The kernel of a large fruit, not unlike the produce of the miristica. 
The nutmeg is separated from its inveslient coat, the mace, before it appears in 
commerce. * 


o. 


OAKUM. The substance into which old ropes are reduced when they are 
untwisted, loosened, and drawn asunder. It is used chiefly fur caulking the 
seams of ships. * 

- OAR. A long piece of timber, fiat at one end, and round or sfjuare at the 
other, •used to propel a vessel through the water, Thj flat pait, which is 
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dipped in the water, is called the blade; and that which is within the 
board is termed the loom, whose extremity, being small enough to be grasped 
by the rowers, is called the handle. To push the vessel forwards by this 
instrument, the.rowers turn their backs forwards, and dipping the blade of the 
oar in the water, pull the handle forward, so that the blade at the same time 
may move aft in the water. But since the blade cannot be so moved without 
striking the water, this impulsion is the same as if the water were to strike the 
blade from the stem towards the head; the vessel is therefore necessarily 
moved according to the direction. Hence it follows that she will advance 
with the greater rapidity, by as much as the oar strikes the wafer more forcibly ; 
consequently, an oar acts upon the side of a boat or vessel like a lever of the 
second class, whose fulcrum is the station upon which the oar rests on the 
boat's gunw je. In large vessels this station is usually called the row-port ; but 
in lighters and boats, the row-lock. Oars for ships are generally cut out of fir- 
timber ; those for barges, out of Dantzic or New England rafters ; and those for 
boats, either out of Ehiglish ash or Norway fir rafters. See Bo.a.t. 

OBSERVATORY. A building purposely constmcted for viewing the heavenly 
bodies, and frumished with suitable insfruments and conveniences for facilitating 
the operations. 

OCHRE, (red,) is an iron ore of blood-red colour, which is sometimes found 
in powder, and occasionally in a hardened state. It has an earthy texture, and 
sometimes stains the fingers when handled. The principal use of red chalk is 
for drawing. For the latter purpose, it should be free from grit, and not too 
hard. In order to free it from grit, and render it better for use, it is sometimes 
pounded, washed, mixed with gum, and cast into moulds of convenient shape 
and size. Under the name of reddle, this substance is much used for the 
marking of sheep, and when mixed with oil, for the painting of pales, gatesj 
and the wood-work of out-buildings. 

ODOMETER. An instrument for measuring the distance travelled over by a 
post-chaise or other carriage ; it is attached to the wheel, and shows, by means 
of an index and dial-plate, the distance gone over. 

OIL. The distinctive characters of oil are unctuosity and inflammability, 
insolubility in water, and fluidity at moderate temperatures. Oils are distin- 
guished into fxed, or fat oils, which do not rise in distillation, at the temperature 
of boiling water ; and volatile, or essential oils, which do rise at that temperature 
with water, or under 320® by themselves. The latter having been treated of 
under the word Essentiai., in the preceding part of this work, we shall here 
confine our attention to the former class chiefly. 

Fixed oils are generally contained in the seeds and fruits of those vegetables 
of which they are the products, and are formed principally at the period of 
maturity. They are extracted by pressure, sometimes with, and sometimes 
without, the aid of heat. They are usually impregnated with the mucilaginous 

•Wtcxtractive matter of the vegetable, whence they acquire colour, odour, and 
taste ; and if heat has been employed to favour their extraction, they 
acquire acrimonious qualities, and undergo a change in some of their chemical 
properties. The purest oils are those expressed from the fruit of the olive, or 
the seeds of the almond ; others less pure are extracted from linseed, hemp- 
seed, and numerous other seeds of plants. Fixed oils are usually fluid, but of 
a thick consistence, and they congeal at moderate temperatures ; some are even 
naturally conc>-ete. When fluid, they are transparent, colourless, or of a 
yellowish or greenish tinge, inodorous, and insipid ; they are lighter than water. 

..The following table exhibits the specific gravities of the principal sorts of 
commerce ; water being 1.000 : — 


Cacao . . 

• • • * 

. 0.892 

Almond 

0.939 

Rape seed . 

• . • * 

. 0.913 

Linseed 

• . . . . 0.939 

Olives . . 

. • • • 

. 0.913 

hS„„: 

0.939 

Ben . . . 

Ot* 

. 0.917 

0 911 

Beech-nut . 
Walnut. , 


. 0.923 
. 0.932 

Palm . . 

0.968 
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Fixed oils are incapable of combining with water ; and are very sparingly 
soluble in alcohol, in the cold, with the exception of castor, which is abundantly 
dissolved by rectified alcohol, and of linseed oil, which is dissolved, though 
more sparingly ; boiling oil dissolves it, and also the others in sensible quality. 
Expressed oils cannot be volatilized by heat, without a change of their pro- 

E erties. At temperatures below 600“ of Fahr. they remain fixed, if the heat 
as not been for a long time continued. At the temperature mentioned, they 
are converted into vapour, but the oil condensed therefrom is altered in its 
properties ; it ha»lost its mildness, and has become more limpid and volatile, a 
portion of carbon having been deposited. Transmitted through an ignited tube, 
oil is converted into carbonic acid, and carburetted hydrogen, with a small 
portion of acid liquor, and a residium of charcoal. Exposed to a warm atmo- 
sphere, expressed oils gradually acquire a sharp taste and smell, and become 
thick. This change, termed rancidity, is owing to absorption of oxygen. Drying 
oils, as those expressed with the aid of heat are named, do not become rancid, 
but by absorbing oxygen, are partially converted into a resino.us kind of matter. 
At the temperature of ignition, at which it is converted into vapour, oil burns 
in atmospheric air, a large quantity of light and heat being extricated by its 
combustion. When the access of the air to the vapour of the oil is insufficient, 
it bums with a black smoke, and a quantity of carbonaceous matter which has 
escaped the combustion is deposited. Hence the utility of a slender wick, 
which draws up the oil by capillary attraction, and when kindled, produces suffi- 
cient heat to convert it into vapour. In a hollow cylindrical wick, like that in 
the Argand lamp, through which an internal circulation of air is established, 
the supply of air is more abundant, and the whole of the oil is consumed ; the 
illumination therefore is greater, though there is some diminution of it in con- 
sequence of the light from the internal surface having to pass through the 
flame. Expressed oils combine with the alkalies, and form soap, which see. 
Expressed oils dissolve phosphorus by the aid of heat, forming a liquid, which 
becomes luminous when exposed, to the air. They combine with a number of 
the metallic oxides, and acquire thereby a drying property. Boiled with 
oxide of lead, expressed oil forms a compound of firm consistency, constituting 
the “ common plaster ” of the apothecaries. Expressed oils form the basis of paints 
(see Paintixo), and are hence called oil-colours, (see also, Oil-colour Cakes, 
subjoined to this article.) Expressed oils, combined with resins and turpentine, 
form varnishes ; (see V arnish.) Combined with lamp-black, they form printing- 
ink ; (see Ink.) For most of these uses, however, the drying-oils are employed. 
There are two distinct processes of obtaining oil by pressure ; one cold, the 
other warm ; the cold-drawn oil being preferable for one purpose, and the warm 
for another. In the former, the substances are submitted to pressure, without 
increasing their natural temperature ; in the latter, heat is artificially applied, 
generally through the medium of steam or air. The application of heat to sco-’t* 
and most oleaginous matters, causes a great quantity of the oil to flow out, 
without pressure ; and heat softens them so much, 'that less mechanical force 
becomes necessary to expel the remainder. It is therefore an indispensable 
point of economy to make use of heat whenever the application of it does not 
deteriorate the quality of the oil ; for more oil is thus obtained with less labour. 
In the large manufactories, linseed and rape-seed are the chief vegetable 
substances from which oil is obtained in this country ; heat is usually employed 
before pressure, and the separate products of oil in the dificrent stages of manu- 
facture are preserved, as distinct qualities. The ordinary “ mill ” for this pur-, 
pose consists usually of an extensive range of machinery, and is usually 
distinguished by the denomination of the Dutch MUl, as the industrious people 
of Holland were the inventors, or chief improvers of it. In these, the seeds are 
put into bags, and covered with envelopes, consisting of hair-cloth, and sheep- 
skin sewn together ; in this state, they are subjected to pressure by the force of 
wedges, that are continually being struck by perpendicuk#" stampers. These 
stampers are raised by cams fixed to a revolving axis, (worked by a steam- 
engine,* or other adequate power,) and fall from the height they are thus raised 
upon the wedges. The oil thus expressed, runs off, and is cSnducted to a cisterq ; 
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and the seed in the hag is reduced to a very hard solid cake, which is sold for the 
feeding of cattle, as it retains a considerable portion of farinaceous and other 
nutritive matter. Of late years the elastic force of steam has been introduced to 
give the necessary pressure, and the patented improvements by Mr. John Hall, 
jun. (of Hartford), which we have now to describe, consist in the peculiar 
method by which this power is applied, a a (Fig. 1) are two elliptical iron 
cams, firmly fi$ed on the horizontal.shafts of two cog wheels, which gear into 
one another ; B B 6 i, are massive iron plates, be- 
tween which the seed bags c c, in their envelopes, *Fig. 1. 

are placed ; d is the steam cylinder ; e the piston 
to the same, which, when raised by the force of 
the steam from underneath, elevates the beam /, 
and the connecting rods g g ; these being attached 
to the levers h h, turn the cams so as to press 
against the plates B B ; which pressure is con- 
tinued until the cams arrive with their longest 
diameters in an horizontal direction, as shewn by 
Fig. 2. By these means the oil is squeezed out, 
and received into a proper receptacle under- 
neath. On the other side of the steam cylinder, 
another aparatus, similar in all respects to that 
shewn, is fixed, and moved by the same power ; 
but in these the longest diameters of the cams are 
placed in a reverse direction, or at right angles 
with those in the engraving ; so that when the 
utmost pressure is excited on one side of the 
cylinder by the ascent or descent of the piston, no 
pressure whatever is given on the other, and the 
bags may be removed to be emptied, and re- 
plenished with a fresh quantity of seed. Tlie 
employment of elliptical cams is altered with a 
ver^ great convenience, which we ought not to 
omit noticing. The two innermost plates B B 
are connected together by means of straps, as 
shewn at i i (Fig. 2) stretched out while the cams 
are exerting their pressure ; when that pressure is 
relieved by the cams being turned into the position 
of these in Fig. 1, the connecting straps i i are 
raised, and the two plates B B are drawn towards 
one another ; the bags are then perfectly free to 
be removed by the workman, to be filled again and 
euiiylaccd ; and so on alternately, on opposite 
sides, at every ascent or descent of the piston. 

The steam pressure upon the piston, employed by the patentee, is from 
forty to fifty pounds upon the inch, nearly the whole of which, owing to the 
simplicity of the apparatus, is transferred to the end of the cams, where the 
power is increased according to the ratio of their surfaces, compared to that of 
the piston. A steam apparatus is constructed near to each pair of cams, for 
the conveniergie of heating the seeds, with means for discharging the cake and 
refilling the bags. 

‘ ,, In the year 1828, the Society of Arts presented Mr. Cogan with their silver 
medal, for the communication of a process for purifying rape and linseed oils. 
Mr. Cogan 3 process, though resembling M. Thenard’s in the first part of it, is 
completed by the judicious introduction of steam ; by means of which the oil 
appears to be almost entirely freed from acid, and the black feculent dregs sub- 
side in the course of twelve hours, leaving the upper portion of the oil quite 
clear, and greatly ftnproved in colour, and in those qualities for which it is 

„ valued by the painter. The quantity of oil that he operates upon at once is 
about 100 gallons. For this, three quarts, that is about ten pounds, of siflphuric 
apid, oil of vitriol, i^ required. The acid is to be diluted with an equal bulk of 
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water. The oil being put into a copper pan, of the shape of a boiler, two 
quarts of the dilute acid are to be added; the whole is then to be stirred up 
very carefully for an hour or more, with a wooden scoop, till the acid is become • 
completely incorporated with the oil, and the colour of this last has become 
much deeoer than at first. A second similar quantity of acid is to be added, » 
and mixed with the oil, the same as the first was ; and after this the remaining 
third part of acid is to be added. The stirring of the oil is to continue inces- 
santly about six hours in the whole, at the end of which time the colour of the 
mixture will be almost that of tar. It is then to be allowed to stand quiet for 
a night, and in the morning is to be transferred to the boiler; this is of copper, 
and has a steam pipe entering it at the bottom, and then dividing into three 
or four branches, each of which terminates in a perforated plate. The steam 
tlms thrown in, passes in a very divided state into the oil, penetrates into every 
part of it, and heats it to the temperature of boiling water. The steaming pro- 
cess is to be continued for about six or seven hours, at the end of which time 
it is to be transfened to a cooler, of the form of an inverted cone, terminating 
in a short pipe, commanded by a stop-cock, and also having a stop-cock inserted 
in its side, a few inches from the bottom. After remaining a night in the 
cooler, the oil is fit to be withdrawn : for this purpose, the cock at bottom is 
opened, and the black watery acid liquor flows out. As soon as the oil begins 
to come, the cock is closed, and that in the side of the cooler is opened. From 
this the oil runs quite clear and limpid ; the whole of that which is still tiubid 
remaining below the upper cock. The purified oil being drawn off, that which 
is turbid is let out into a reservoir, where it either remains to clarify by subsi- 
dence, or is mixed with the next portion of raw oil. 

The following is the patented process adopted by Mr. M. Wilks, seed crusher of 
Dartford, for purifying the oil from linseed, as well as other seeds, by expression. 

Into 236 gallons of the oil, six pounds of oil of vitriol is to be poured, and be well 
mixed by agitation or stirring about for three hours. Six pounds of fuller’s earth 
is next to be mixed up and thoroughly incorporated with fourteen pounds of hot 
lime, and thrown into the vessel containing the oil and vitriol, when the whole 
is to be kept in agitation for about three hours more. - The foregoing mixture is 
next to be turned into a boiler containing a quantity of water equal to that of 
the oil, and the whole is then to be boiled for another three hours, during which 
time the liquid is to be continually agitated by stirring. The fire may now be 
extinguished, and when the materials have become cool, the water may be 
drawn off, and the oil will be found clarified, which will become brighter and 
more fit for use after standing some time. 

Mr. Robinson, of Edinburgh, having witnessed the difficulties and waste 
which take place in filtering and clearing oil from its dregs ; in which opera- 
tion, as it is usually conducted, a great deal of the advantage which is gained by 
repose and subsidence, is again lost in drawing off the oil to pass it through the* 
filter, it appeared to him that by introducing water through a regulated aperture, 
and from a height sufficient to give the requisite hydrostatic pressure into the 
bottom of the butt of oil, and making a communication from the top of a butt, 
to a filter acting by ascension, all the advantages arising from refuse and sub- 
sidence would be retained, and by adapting the nature of the filter to the 
quality of the oil, the contents of any butt might he easily and quickly sepa- 
rated into three or four portions of different degrees of value. Mr. Robinson 
concludes by suggesting the mechanical arrangement, represented by the section ^ 
of the apparatus in p. 200. n is a cistern of water which communicates by the • 
pipe a with the bottom of the butt of oil g. f is the filter raised on feet, 
and standing on the heading of the butt, with which it communicates by the 
pipe h. e is a perforated plate above the lower chamber of the filter, and k is 
its discharging cock ; c is the middle chamber filled with charcoal, or any other 
suitable substance. Tlie partition between this and the upper chamber J, is a * 
perforated plate, and I is the discharging pipe of that chamner. The butt con- 
taining the oil being connected with the apparatus already described, the cock of • 
the pipe a is to be turned, which will allow- the water to flo^ into the butt. At 
the same time the cock of the pipe b being opened, the upper part of the oil^ 
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and therefore the purest, first flows into, 
and fills the lower chamher of the filter, 
and is followed hy the less pure portions, 
according to their respective specific gra- 
t vity \ but as the pipe enters this chamber 
at the top, those impurities that are con- 
siderably heavifer than the oil will subside 
to the bottom, and are from time to time 
to be discharged through the cock. The 
rest of the oil rises through the perforated 
plate, is separated from the lighter impu- 
rities by the charcoal or sand in the mid- 
dle chamber, and then passes through the 
upper plate into the top chamber, whence 
it flows through the cock 1. The two 
perforated plates must rest on rings or 
projecting ledges, that the charcoal may 
be renewed and the lower plate may be 
taken out occasionally, and cleared of the 
dregs which otherwise would stop its holes. 

Under the words Elaine, and Fat, we 
have noticed the fine fluid oil that has 
received the former denomination, and 
which has been employed for lubricating 
delicate horological machinery. In this 
place, we have to describe an improved 
mode of obtaining it from olive oil by Mr. 

Henry Wilkinson, of Pall Mall, and which 
is considered to be peculiarly valuable for 
lubricating the pivots and other rubbing 
surfaces of chronometers. The best olive oil in its recent state, possesses 
that peculiar bland flavour which fits it for the table, and which appears to 
arise principally from the quantity of mucilage and water, either held in solu- 
tion, or mechanically mixed with it. By keeping one or two years in jars, a 
considerable portion of the mucilage and water subsides, which renders such 
oil not only cheaper, but better qualified for yielding a greater proportion of 
pare oil than that which is recently expressed from the fruit. Two or three 
gallons skimmed from the surface of a hige jar that has remained at rest for 
twelve months or upwards, is preferable to any succeeding portion from the 
same jar, and may be considered the cream of the oiL Having procured good 
.At? in the first instance, put about one gallon into a cast-iron vessel capable of 
nwding two gallons ; place it over a slow clear fire, keeping a thermometer 
suspended in it ; and when the temperature rises to 220°, check the heat, never 
allowing it to exceed 230", nor descend below 212", for one hour, hy which time 
the whole of the water and acetic acid will he evaporated ; the oil is then 
exposed to a temperature of 30“ to 36° for two or three days, (consequently 
winter is preferable for the preparation, as avoiding the trouble and expense of 
producing artificial cold) ; hy this operation a considerable portion is congealed ; 
and while in this state, pour the whole on a muslin filter, to allow the fluid por- 
, tion to run through ; the solid, when' dissolved, may be used for common pur- 
“ poses. Lastly, the fluid portion must be filtered once or more, through newly 
prepared animal charcoal, grossly powdered, or rather broken, and placed on 
bibulous paper in a wire frame within a iunnel ; by which operation, rancidity 
(if any be present) is entirely removed, and the oil is rendered perfectly bright 
^ and colourless. 

Under the articl^ Candle, the reader will find accounts of several patented 
^ processes for obtainmg the elaine, or pure oily principle, from the cocoa-nut, 
I^lm, and other concrete vegetable oils, so that we need not repeat them under 
the present head ; l^iMhe extremely rude and inefiective machinery efliployed 
by the natives for expressing oils, in those countries from whence we derive our 



supplies, is worthy of the attention of the British reader, as exhibiting in u 
strong light the advantages that might result from the introduction of improved 
machinery in those parts. Dr. Davy informs us that the means used by the 
Singalese for this purpose, consists merely’ of a few upright poles stuck in the 
ground, supporting two parallel horizontal bars between them ; between these, 
the bags containing the seeds are put, in the manner represented in the sub- 
joined sketch, pressure being given to the bags by means of a perpendicular 


lever which forces the horizontal bars together. The native oil press employed 
at Madras, and other parts of the East, has somewhat more the character of a 
machine. The machine is large and substantial, and a great amount of animal 
force is wanted in operating by it. The annexed drawing is taken from a model 
recently brought from India and deposited in the museum of the Asiatic Society. 


a represents a mortar about six feet high, usually formed oilf of a block of granite, 
but sometimes of wood ; in both case.s, there is as much of the substance sunk 
into the ground as remains above it; c is a pestle, the upper extremity of which 
fits loosely in the piece of timber d ; at e is another picce*of timber, attached J)y 
«VOL. ti. c c 
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cords to d, (by passing round the projecting pins shown) with its lower end mor- 
tised and bolted to the horizontal lever one of the ends of this lever is forked, 
as at/, so as to pass into and around a groove made in the mortar; the lower 
part b of the mortar, enlarged in its dimensions, serves as a rest for the lever g, 
and to give steadiness to the apparatus. To put this machine into operation, a 
man sits upon the end g of the horizontal lever, which by the connecting bars 
e and d, cause the pestle e to press hard against the sides of the mortar, and a 
circular motion is given to the pestle by attaching a pair of o.xen to the yoke 
h, who draw it round. An oil press on the same principle as ffiis, is described 
by Dr. Buchanan, as being used by the oil makers of Bangalore for expressing 
various kinds of oil. These mills receive a quantity of seed, equal to about 
2i of our Winchester bushels, to which in the course of grinding, about 
2| quarts of water are gradually added. The grinding continues for six 
hours, when the farinaceous parts of the seed and the water form a cake, 
and this having been removed, the oil (about gallons in quantity) is found 
clean and pure in the bottom of the mortar, from whence it is taken by a cup. 
The mill requires the labour of two men and four oxen, and grinds twice a 
day, thus making, in the whole, but 1 1 gallons per day ; and if tliis be all that 
so large a machine and so great a power can perform, how miserably ineffective 
must be the Singalese machine we first described. The writer of this article 
was so forcibly impressed with this defective mode of oil-pressing a few years 
ago, as to lead him to devise some powerful machine, in which the combinations 
should be few, of the simplest kind, and that should be easily made by the 
roughest rural workman at a trifling expense, and be, as much as possible, self- 
acting. The approbation which the principle of these presses have met with 
from professional engineers, and the practical experience which the inventor 
has had of their utility and convenience in a nearly similar application, induces 
him to give a brief description of them in this place ; in the perusal of which 
the reader will bear in mind that they are especially designed for the rural 



manufacture of oil on the spot where the seeds grow. This machine consists 
simply of three pieces of w'ood ; an upright piece is fixed firmly in the ground, 
(a tree would answer the purpose well,) near the lower end of which, and also 
at the upper extremity, are projecting pieces, the upper one forming the joint of 
'.he long horizontal lever, and the lower one the joint of the short vertical one ; 
to strengthen these jqints a strap of iron is laid over them, and round the 
upright post, and iron bolts are passed through each to form the centre, or 
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fulcrum, to each lever ; the band near the middle merely serves as a stay to 
support the vertical lever when it is thrown hack. It will be observed that a 
roller is fixed to the upper extremity of the vertical lever, which, running upon * 
the inclined plane of the horizontal lever, renders the friction of these parts, 
when in contact, very trifling : but what we consider as the most important ^ 
result of this peculiar combination of two levers (which are both of the second 
class) is, that the effect of the power employed is but little at the commence- 
ment of the operation, but that the pressure is continually increasing during the 
operation, and becomes prodigiously great towards the close of it, which is 
owing to the pressure on the vertical lever constantly accumulating (of itself 
without attention) as it approaches the fulcrum of the horizontal lever. Now 
this is precisely what is wanting in oil or wine-pressing : if a great pressure be 
given at the first, the bags burst and the liquid is lost. It is obvious, from the 
sketch, that the Indian who is seated in a swing, suspended to the lever, is the 
acting force ; and as this force is obtained not only without labour, but by rest 
to the individual, there cannot be an easier mode of producing a mechanical 
effect, especially as some attendance to the process going forward is necessary. 

A shoemaker, or a tailor, might, indeed, carry on the business of their crafts, 
and, at the same time, work an oil or a wine-press upon the same principle. 

The design having been made with reference to the conical bags employed in 
India for the purpose, will account for this peculiarity in the drawing, as well 
as in the subjoined modification of the machine, which is merely' an extension 
of the principle to the forming of a double press. By this arrangement double 



the effect is produced at about half the additional cost of one press ; and if both 
presses were worked together (which might always be the case), instead of the 
central post being fixed in the ground, it might be put on a movable stand, a** 
the weight of force of one press would counterbalance that of the other. This 
figure likewise shows two convenient modes of working the press with very 
little attention ; to one of the horizontal levers a rope is suspended, having 
hooks at convenient distances, upon which such weights may be hung as may 
be found necessary to give the required pressure ; to the other is suspended tv • 
bucket (the capacity of which would be regulated by Ae circumstances), to 
take advantage of a descending current of water (if the locality admits of it), » 
or of*a reservoir, or supply pipe, that might be raised to a proper elevation for 
filling it ; when the operation is completed, as represented on one side of ihe 
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press, the bucket falling against a tail-piece fixed upright in a channel or gutter, 
opens a vah’e, lets all the water out of the bucket, and relieves the press from 
• the force of its weight. Thus in a situation where water is plentifid, a number 
of large presses, charged with the necessary materials for obtaining oil, or wine 
^ juice, might be filled over-night ; the next morning the buckets would be found 
discharged of their water, and the previously empty recipients be found filled with 
oil without any attendance whatever. It is, perhaps, deserving of notice, that the 
self-acting property of these presses adapts them for situations <vhere advantage 
could be taken of the ebbing and flowing of the tide ; the rising of the water 
would thus fill the buckets, and, upon its falling, leave them suspended with 
their loads to do the work of the press ; tlie return of the tide would take off 
the pressure for the renewal of it upon its descent ; and thus, every twelve 
hours, the presses might be worked with almost unlimited power, and without 
any attendance to the moving force. 

The most powerful and the most convenient machine for expressing oils, is, 
unquestionably, the hydrostatic press invented by the late Mr. Bramah. A press 
of this kind was sent out to Ceylon, by government, in the year 1814, which was 
made by Mr. Bramah expressly for the purpose of expressing oil from the cocoa- 
nut kernel; a very full description of all the important details of which is 
given in the thirty-fourth volume of the Tramactiom of the Society of Arts. But 
although the hydrostatic press is the most economical machine that the capitalist 
can employ, its expense is unsuited to the means of the small, or middle, manu- 
facturers, to whom a press of some kind is indispensable ; accordingly, the fol- 
lowing one has been designed to meet their wants. 

The annexed figure gives a front view of the machine, excepting that the 
front plate which encloses the lower part of the machine, and the bearings of 
the axes of the cams are removed to show better the construction, aaa is a 



high, two feet wide, and 1 foot from front to back, b is the pressing-head, of 
solid wood, formed into three wedge-shaped teeth, and made so as to fit into a 
bed e e e, of a corresponding figure; dd are two cams, firmly attached to two 
expanding levers e e, which are loading at their extremities by suspending 
thereto any required number of flat circular weights : to each of the cams a strong 
hook, bent to the figure of the former, is fixed; and these hooks passing through 
eyes, or staples, in the head of the press, lift it up when the pressure is taken 
ofij allow it to descend without obstruction, and keep them always connected. 
At g is an apertSre for conveying, by means of a pipe, hot air, or steam, into 
the chambers ooo, which have lateral openings one into the other ; the angular 
roof of this chamber adapts it for collecting the heat, air, or vapour, whence it 
passes through the interposing iron plates into the bags under pressure. The 
bags being placed between the wedges as shown, the pressure is given by load- 
ing the levers (which may be drawn out to any length required), which gra- 
dually causes them both to descend to the position shown by the dotted lines e e 
and at which time the cams have turned a quarter round, so as to attain a 
vertical position when their utmost effect is produced. The bags between the 
wedges are thus compressed by a great force, and their contents reduced to hard 
dry cakes, while the expressed oil runs off in the angular gutters at the bottom, 
and is conducted out of the machine, by a pipe, into a proper recipient. 

The operation being completed, the pressure is taken off by removing the 
weights (already close to the ground), and throwing up the levers which lift the 
head of the press, the chief labour of which may be obviated by a counter- 
balance weight. The oil cakes being taken out of the press, other bags, pre- 
viously prepared, are put in their place, and the operation renewed simply by 
loading the levers, leaving them to do their work unassisted, and accumulate in 
power as they move through their assigned space. It should here be observed, 
that- owing to an oversight in the drawing, the levers are not shown as fi.xed in 
the best position for commencing the operation. They should be placed slightly 
inclined from the vertical position ; the power would then be considerably 
lessened at the beginning, and vastly increased towards the end. The extre- 
mities of the cams are furnished with strong anti-friction rollers, which come 
into action at the end of the process. 

The action and power of this press may be described and estimated thus ; 
the levers e e being Jixed to the cams act with them as entire pieces, hence 
must be regarded as two bent levers, in which the points of pressure are con- 
stantly changing their position. Now supposing 5 cwt. appended to each 
lever, and each lever when drawn out to be ten feet long, and the pressure 
to be given at one inch from the fulcrum, this would give a power of 120 
to 1, or 60 tons upon the head of the press. The head of the press, it will be 
observed, moves through a space, the treble of that which is between tlj^ 
opposite planes of the wedge-formed teeth, consequently, the power is here 
increased threefold, or raised to 180 tons; then, by applying similar levers and 
weights to the opposite ends of the axes of the cams, we have the force of 360 
tons upon the goods in this little self-acting lever press. The friction in such a 
machine is undoubtedly considerable, but as any additional force within the 
limits of the strength of the structure may obviously be added, and the point 
of pressure be brought nearer to the fulcrum than the distance mentioned, at 
the close of the operation, any required power may be obtained at the period 
when it is wanted, to squeeze the cakes thoroughly dry. The oil-maker will do 
well to consider, that the force transmitted to the screw presses as well as by the* 
hydrostatic is iniermissive, and not a constant seif-accumulating force, as exerted 
by the lever presses we have just described. 

Fish Oil. — In the Greenland fisheries, the blubber produced from whales is 
cut into small pieces and packed in casks, and when it arrives in England, it is 
in a putrid state. It is started into a large receiver, containing about twenty 
tons. There is a semicircular wire grating in the side of tlie back, close to the 
bottom, through which the fluid parts drain, the wires being sufficiently close to 
prevent the pieces of blubber from passing. The oil, as drains through this 
grate, is to be conducted by means of a c< ppcr pipe into another back, containitig 
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about the same quantity. When this receiver is full, it is left two or three 
hours to settle, and then conducted by a sluice into a copper heated by a fire in 
the usual way. The oil is stirred until it has acquired heat equal to 225“ Fah- 
renheit ; this destroys the rancidity, and causes the mucilaginous matter to 
settle at the bottom. As soon as the oil has received the before-mentionec 
heat, the fire must be drawn, and about half a tun of cold water pumped upon 
the surface of the oil, which descending cools the bottom of the copper, and 
prevents the adhesion of the mucilaginous matter thereto. The oil may then 
be nin off into coolers, and when quite cold he drawn off inti^casks for use. 

Whale oil may, however, be purified, by a system of filtering, without the 
aid of heat. For this purpose, the long cylindrical bags used hy the sugar 
refiners are sometimes employed. These are about 40 inches long, and 16 
inches wide, their mouths being distended by wooden hoops. They are made 
of stout canvass, lined with flannel ; and between these two substances a pack- 
ing of powdered charcoal, or bone black, is quilted throughout in a stratum of 
about an inch thick, which detains the gelatinous matter, and other impurities. 
This oil is received in a cistern, containing water at the bottom to the depth of 
about 6 inches, in each 20 gallons of which is dissolved about an ounce of blue 
vitriol, which nearly divests it of the impurities that escaped the filter, and of 
the unpleasant odour it had before. But it is further cleansed by a second wash- 
ing, in another cistern of water, wherein it is allowed to remain for several days, 
and then filtered several times through charcoal ; and lastly, by filtering through 
canvass and flannel without charcoal. 

Amongst the numerous papers on this subject that have appeared in the 
scientific journals, we select the following process, recommended by Mr. Dossie, 
where the utmost purity is required, and particularly for the woollen manu- 
facture. 

“ Take a gallon of crude stinking oil, and mix with it a quarter of an ounce of 
lime slaked in the air, and half a pint of water ; stir them together, and when 
they have stood some hours, add a pint of water, and two ounces of pearl ashes, 
and place them over a fire that will just keep them simmering, till the oil 
appears of a light amber colour, and has lost all smell, except a hot, greasy, 
soaplike scent.- Then superadd half a pint of water, in which an ounce of salt 
has been dissolved ; and haring boiled them half an hour, pour them into a 
proper vessel, and let them stand till the separation of the oil, water, and lime 
be made, as in the preceding process. Where this operation is performed to 
prepare oil for the woollen manufacture, the salt may be omitted but the 
separation of the lime from the oil will be slower, and a longer boiling will be 
necessary. If the oil be required yet more pure, treat it after it is separated 
from the water, &c. according to the second process, with an ounce of chalk, a 
quarter of an ounce of pearl ashes, and half an ounce of salt.” 

*="In the South-Sea fishery, the whalers bring home their oil in casks. In 
consequence, however, of the wasteful and dangerous nature of the process 
adopted for obtaining the oil from the blubber, some presses have lately been 
sent out by the ships to express the oil from the pieces of the blubber that have 
been boiled, but in which a great quantity of oil stiU remains. All this oil was 
formerly allowed to remain in these pieces, called “scraps,” and was with them 
made use of merely as fuel, and burned under the “ try-pots ” or boilers ; but in 
consequence o^ the extreme inflammability of the oil, and its great superabundance, 
serious accidents occurred by the flames issuing from the furnace, and catching 
* the oil in the try-pots. By the use of the subjoined machine (in p. 204) we 
understand that the danger beforementicned has been obviated, and the oil con- 
tained in the scraps, which was before wasted, now forms a sensible portion of 
a ship’s cargo. It is the invention of hfr. John Blythe, an intelligent engi- 
neer, of Limehouse. 

Iiescrq>iion . — aaaaa is the frame of the press, consisting of a strong cast- 
iron bed and head, tJ.id vvrought-iron jambs, secured at each end by nuts and 
t screws ; i is a hollow cylinder, with an iron plate perforated with small holes, 
resting upon ribs in the bottom of the cast-iron cylinder, as shown at ef c is a 
spout for allowing th^; oil to run olf ; </ is a feliowcr, also made of cast iron ; / 
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a screw made of wrought iron, and fitted into an internal screw in the wheel g ; 
i is a lever for screwing down the follower, when great speed and but little 
pressure is required, i is a bolt which is put in to prevent the wheel g from 
turning round, which then becomes a box for the screw to work through ; when 
greater pressure is necessary, this bolt is withdrawn, and the power of one or more 



men applied to the handles^ j, which turn an endless screw, and give motion to the 
wheel, as shown at o ; the wheel in its revolution bites upon the underside of 
the head of the press, and consequently forces the screw downwards, with the 
increased power of the endless screw and wheel and main screw. The scra^o^ 
are put into the cylinder warm, with a mattress, (wicker basket,) f of an inch 
thick in the bottom, to prevent the hard substance from filling up the holes at e. 
After the press is charged, it is set to work by first screwing down with the 
single power of the screw and lever, and finished by adding the power of the 
wheel and endless screw. 

Native Oil of Laurel — This extraordinary and valuable production is sup- 
posed to be the only known instance of a perfectly volatile liquid obtainable 
without the aid of art. It is yielded by a tree of considerable height, which is 
found in the vast forests that cover the flat and fertile regions between the •’ 
Oronooko and the Parime, in South America. The wood of this tree is 
aromatic, compact in its texture, and of a brownish colour, and its roots 
abound with essential oil. The oil is procured by striking with an axe the 
proper vessels in the internal layers of the bark ; while a calabash is held to 
receive the fluid which gushes out in such abundance, that several quarts may 
be caught from a single incision, if the operation be perfoiflied with dexterity. 

In many respects the native oil resembles the essential obtained by expression, » 
distillaSon, and other artificial processes : it is, however, more volatile and 
highly rectified than any of them, its specific gravity hardfy exceeding that qf 
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alcohol. When pure it is colourless and transparent ; its taste is warm and 
pungent ; its odour aromatic, and closely allied to that of the oily and resinous 
• ^ juice of the conifera. It is volatile, and evaporates without residuum at the 
ordinary atmospheric temperature. It is inRammable, and, except when mixed 
with alcohol, gives out in its combustion a dense smoke. Neither the acids nor 
the alkalies seem to exert any sensible action upon the native oil; when combined, 
however, with sulphuric acid, the mixture assumes a momentary brownish tinge, 
but soon regains its transparency. The oil of laurel dissolves camphor, 
caoutchouc, wax, and resins, and readily combines with volatife and fixed oils. 
It is insoluble in water ; soluble in alcohol and ether, though the specific 
gravity of the oil exceeds that of ether; the compound formed by combining 
them in the proportion of part of the former to two of the latter floats upon 
the surface of pure ether ; and may, therefore, be the lightest of all known 
fluids. To the chemist, and the vegetable physiologist in particular, native oil 
of laurel, elaborated by the unassisted hand of nature, in a state of purity 
which the operose processes of art may equal, but cannot surpass, presents an 
intei'esting subject of inquiry', and a wide field of speculation. 

The Oil of Birch Baric, which is so much used in Russia for currying 
leather, to which it gives a peculiar odour, and a power of resisting moisture 
beyond any other dressing, is prepared in the following manner : — A large 
earthen pot is filled with the thin white paper-like external bark of the birch- 
tree, carefully separated from the coarse bark ; the mouth of this pot is closed 
with a wooden bung perforated with several holes. The pot thus prepared is 
then turned with the mouth downwards, and luted with clay to the mouth of 
another pot of the same size, which is buried in the ground. The upper pot is 
now surrounded with fuel, and a fire is made and continued for several hours, 
according to the size of the pot. When the operation is completed, and the 
apparatus cooled and unluted, the lower pot is found to contain a quantity of 
liquid equal to about 60 per cent, by weight of the bark employed ; the liquid 
consisting of a brown oil mixed with pyroligneous tar, swimming in an acid 
liquor. In some places iron pots have been substituted for the earthen pots, 
the mouths being separated by an iron plate pierced with holes. The peculiar 
odour of the oil is supposed to be owing to a resinous matter which is melted 
out of the bark, and drops into the lower pot during the process of distillation. 
In conducting this operation on the large scale, a number of these double pots 
may be placed in the horizontal bed of a reverberatory furnace, with the lower 
pots imbedded up to their necks in sand ; by which arrangement a great 
economy of fuel and labour will be attained. 

For further information on the nature and applications of oil, see the articles 
Spermaceti, Tallow, Wax, Candles, Fat, Soap, Elaine, Stearin, I.nk, 
(Printers’,) Essential Oils, &c. 

^ OIL-COLOUR CAKES. A convenient preparation for the use of artists, 
invented by Mr. George Blackman, for which that gentleman was awarded a 
medal by the Society of Arts. Take, says Mr. Blackman, of the clearest gum 
mastich, reduced to fine powder, four ounces ; of spirits of turpentine, one 
pint ; mix them together in a bottle, stirring them frequently till the mastich is 
dissolved : if it is wanted in haste, some heat may be applied, but the solution 
is best when made cold. Let the colours to be made use of be the best that 
can be procured, taking care that by washing, &c. they are brought to the 
greatest degree of fineness possible. When the colours are dry', grind them on 
' « a hard, close stone, (porphyry is the best,) in spirits of turpentine, adding a 
small quantity of the mastich varnish. Let the colours so ground become again 
dry, then prepare the composition for forming them into cakes in the following 
manner ; — Procure some of the purest and whitest spermaceti you can obtain ; 
melt it over a gentle fire in a clean earthen vessel ; when fluid, add to it one- 
' third of its weight of pure poppy oil, and stir the whole well together ; these 
things being in reaftiness, place the stone on which your colours were ground 
on a frame or support, and by means of a charcoal fire under it make the stone 
warm ; next .grind your colour fine with a muller, then adding a sufficient 
quantity of the mixtfire of poppy oil and spermaceti, work the whole together 
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with a muller to a proper consistence ; take then a piece of a fit size for the 
cake you intend to make, roll it into a hall, put it into a mould, press it, ami it 
will be complete. When these cakes are to be used, they must be rubbed down 
in poppy, or other oil, or in a mixture of spirits of turpentine and oil, as may 
best suit the convenience or intention of the artist. 

OPERA-GLASS. A short kind of telescope, used chiefly jn theatres ; it is 
sometimes called a “ diagonal perspective,” from its construction. It consists of 
a short tube, in^ach side of which there is a hole exactly against the middle of 
a plane mirror, which reflects the rays falling upon it to the conve.x glass, 
through which they are refracted to the concave eye-glass, whence they emerge 
parallel to the eye at the hole in the tube. This instrument is not intended to 
magnify objects more than about two or three times. The peculiar artifice is to 
view a person at a small distance, so that no one shall know who is observed, 
for the instrument points to a different object from that which is viewed ; and 
as there is a hole on each side, it is impossible to know on which hand the 
object is situated which you are looking at 

OPIUM. An inspissated gummy juice, which is obtained chiefly from the 
white poppy of the East {jjapaver somnifermn). It may also be obtained, but in 
a small quantity, from the other species of poppy. It is imported from Persia, 
Arabia, and other warm parts of Asia, in flat cakes, covered w'th leaves, to 
prevent their sticking together. It has a reddish brown colon.', and strong 
peculiar smell ; its taste is at first nauseous and bitter, but this soon becomes 
acrid, and produces a slight warmth in the mouth. In Turkey the white poppy 
is in great cultivation, for the purpose of affording opium. After the flowering 
of the plant, when the capsule containing the seed has an ived at its full growth, 
slight longitudinal incisions are made in the capsules towards the evening. A 
milky juice oozes out, which is collected the next day. The e.xcess of moisture 
being evaporated in the sun, it assumes the consistency fitted for making it into 
cakes, in which state it is found in commerce. This is called Turkey opium, to 
distinguish it from another kind brought from the East Indies, which is gene- 
rally softer than the Turkey, of a darker colour, less bitter, and more disagree- 
able to the taste, and lias an unpleasant empyreumatic smell. When opium is 
soft and friable, of a blackish colour, and has an empyreumatic smell, it is bad ; 
its taste should be bitter, but not sweet. 

OPOBALSAM. The most precious of the balsams ; or that commonly called 
Balm of Gilead. The true balsam is of a pale yellowish colour, clear and 
transparent, about the consistence of Venice turpentine, of a strong, penetrating, 
agreeable aromatic smell, and a slightly bitterish pungent taste. 

OPODELDOC. A solution of soap and alcohol, with the addition of cam- 
phor and volatile oils. It is used, externally, against rheumatic pains, sprains, 
bruises, and other like complaints. " 

OPTICS. The science which treats of the nature of light, and the pheno- 
mena of vision. Our prescribed limits will not allow of our giving more than 
a brief outline of the elements of this sublime science, ■H'hich has employed the 
pens of some of the most illustrious philosophers in successive ages, whose 
works upon it are both elaborate and numerous. For the larger portion of the 
matter on this most interesting branch of natural philsophy, we are greatly 
indebted to Mr. A. Pritchard, and other modern authors of eminence. 

The natural progress of the rays of light is in straight lines ; yet, like all 
other matter, light is influenced by attraction, which sometimes turns it out of* 
its direct course ; tins happens when it passes out of one medium into another of 
different density, as from air into water or glass, or from water or glass into air. 
This disposition or capability of light to be bent, is called its refrangibilitij ; and 
the change of direction actually assumed, when the rays enter another medium, 
is called refraction. A very easy experiment will convince any one that light is 
influenced by some peculiar law when entering or leavfhg one medium for 
another. Put one end of a stick into water, and it will appear as if it were 
broken* This effect is owing to the rays of light being attracted or drawn out 
of their direct course on entering the denser medium of tne water. It is necee- 
sajji', however, to observe, that only those rays which enter another medium 
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ohliqueljj, suffer refraction ; for rays which fall perpendiciilaily are equally 
attracted on all sides, and, therefore, have no tendency to deviate in any direc- 
tion. If a shilling, or any other conspicuous but small object, be placed at the 
bottom of a basin, and the spectator retire to such a distance that the edge of 
the vessel just prevents its being seen, and the vessel be then filled with water, 
the shilling will .become perfectly visible, though neither it nor the spectator 
change their place in the slightest degree. In this experiment the spectator 
looks at the shilling in an oblique direction, and the rays proceiding from it, fay 
which it is rendered visible after the water lias been poured in, are bent towards 
his eye on enteiing the air. The greater the density of any medium, the greater 
is its refractive power ; and of two refracting media, that whicli is of an oily or 
inflammable nature, will have a greater refracting power than the other. The 
incident angle is the angle made by a ray of light and a line diawii perpen- 
dicular to the refracting surface, at the point where the ray enters the surface ; 
and the rejracted angle is the angle made by the ray in the refracting medium, 
with the same perpendicular continued. The sine of the angle is a line wliicli 
serves to measure the angle, being drawn from a point in one leg, perpendicular 
to the other. In the subjoined figure A C D is the 
incident angle, H C E the refracted angle, and B C H 
the angle of deviation ; A F is the sine of the angle of 
incidence ; and H G the sine of tlie angle of refraction. 

It may seem extraordinary that light should pass 
more directly through a dense than through a rare 
medium ; hut it has been ascertained that light is 
subject to attraction ; and Sir Isaac Newton discovered 
and demonstrated that this power is the cause of refrac- 
tion. The truth of this theory is confirmed by the fact, 
that the change in the direction of the ray commences, 
not, as might be supposed, when it comes in con- 
tact with the refracting medium, but a little before it 
reaches the surface; and the incurvation augments in proportion as it approaches 
the medium. 

The term lens is given to any transparent substance, as glass, crystal, water, 
or diamond, having one or both surfaces curved to collect or disperse the light 
transmitted by it. The lenses in general use are made of glass, and are usually 
called magnifying glasses. Glass, however, does not possess a greater share of 
the magnifying property than other transparent substances. Mankind have 
availed themselves of the principle of refraction to excellent purpose in the con- 
struction of lenses; for, by grinding the glass or other substance thinner at the 
edges than in the middle, those rays of light which would strike upon it in a 
Wsaight line, or perpendicularly, if it were plain, strike upon it obliquely, and 
the refraction thej' suffer, causes them to converge ; on the contrary, by making 
the glass thinner in the middle than at the sides, the rays are refracted the con- 
trary way, and, therefore, become divergent. I'he nature of refraction through 
lenses may, perhaps, be rendered more clear, if we reflect that all curved sur- 
faces are composed of straight lines or points, infinitely short, and inclining to 
each other like the stones in the arch of a bridge. M’hen parallel rays fall upon 
a surface of this sort, it is evident that those only wliich enter the middle part 
will go on in a straight direction ; those which strike the sides will strike them 
^iobliquely, and will, consequently, be made to converge. If the surface be a 
])erfect curve, it is clear tliat only the ray that strikes the centre of the curve 
will enter it in a straight direction ; all the re.st will be more or less refracted, 
according to the degree of obliquity with which they strike the surface, and the 
whole of the refracted rays will converge to a point called the focus. 

Glasses, or lenses, are usually ground for optical purposes into eight different 
forms. 1. The len#may be flat on both sides, like the pane of a window. 2. 
It may be flat on one side, and convex on the other. 3, It may be convex on 
both sides. 4. It may be flat on one side, and concave on the other.® 5. It 
m.iy be concave on b^th sides. G. It may be convex on one side, and concave 
Of. the other. 7. It mav-bave one side, which must bo convex, ground into liyie 
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facets, while the other sidu is plain. 8. It may have coiisidtrablc length, in a 
triangular form. No. 1 is called a plane glass or lens, as its sides are parallel , 


1 , 2 . 3 4 . 5 . 6 . 7 . 8 



No. 2, a plano-convex lens ; No. 3, a double convex ; No. 4, a plano-concave ; 
No. 5, a double concave; No. 6, a meniscus; No. 7. a multiplying glass; .and 
No. 8, a prism. The term lens is usually given to such glasses or substances 
only as either magnify or diminish. Nos. 2, 3, 4, and 5, are therefore lenses ; 
No. 6 is also a lens when its surfaces are portions of different spheres ; but when 
they are of equal radii, or parallel, it has only the effect of a plane glass. 
A ray entering the plane glass. No. 1, will ,be refracted; but it will undergo 
another refraction on its emergence, which will rectify the former ; the place 
of the object will, therefore, be a little altered, but the figure will remain 
the same. Suppose A B, I’/ff. 1, to represent a solid piece of glass with two 
parallel surfaces, an incident ray E F will he refracted into F G, and F G will 
be refracted on passing from the second surface into G H, parallel to the original 
direction E F. If parallel rays enter the plano-convex glass, as shown by 




1 . 



2, the ray E will be refracted upwards to F, and the ray K will be refracted 
downwards to the same point ; there they will cross, and then go onward in a 
straight line, and continue to diverge till intercepted by some obstacle. 

When parallel rays fall upon a double convex 
glass, K G, they will be refracted still more 
abruptly, and meet sooner in a point or prin- 
cipal focus at F. The distance of this focus is 
equal to the semi-diameter of the circle which the 
convexity of the glass continued, would produce. 

Either this glass or the former, as they collect 
the rays of the sun into a point, will burn at 
that point, the whole force of the rays that pass 
through them being concentrated there. 

From all luminous objects, the rays of light 
proceed in a state of divergence ; but when tlie 
distance from which they come is very great, 
the quantity of divergence is too small to icquiie notice. The fixed stars 
and the sun, for example, are so immensely distam, that their rays are * 
always considered as paraUel ; and it is only parallm rays which are con- 
ver;jed to a focus in the manner described. Divergent rays proceeding fron* 
a point, as the flame of a candle, will he difl'ercntly^iffectcd. If, therefore, 
a candle be placed e.xactlv at the focal dishuico of a single or double convex 
> ° > 
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lens, the rays will emerge parallel to each other. If the candle be placed 
nearer to the glass than its focal distance, the rays, after passing through ttie 
glass, will no longer he parallel, but separate or diverge. If the candle be 
placed still further off, the rays will then strike the glass more nearly parallel; 
and will, therefore, upon passing through, converge or unite at a distance behind 
the glass, more nearly approaching the distance at which parallel rays would be 
converged. After the rays have united in a focus, they will cross each other, 
and form an inverted picture of the flame of a candle, which may be received 
on a piece of paper placed at the meeting of the rays behind. * The cause of 
the inversion of the image is evident, the upper rays being those which come 
from the under part of the luminous body ; and the under rays, on the contrary, 
coming from the upper part. 

In looking through a plano-convex or double convex lens, the object appears 
magnified agreeably to the rule, that we see every thing in the direction of the 
hnes in which the rays last approach the eye; consequently, the larger the 
angle under which an object is seen, the larger that object will appear. From 
lenses the reverse in form to those we have noticed, we naturally expect opposite 
effects ; accordingly, the attractive and refractive powers of a plano-concave 
and double-concave lens are not towards the centre, hut towards the circum- 
ference. Parallel rays falling upon these lenses diverge, or are dispersed Rays 
already divergent are rendered more so, and convergent rays are made less 
convergent ; hence objects seen through one of these glasses appear smaller 
than to the naked eye. Let a h, 
in the subjoined figure, represent 
an arrow, which would be seen by 
the eye, if no lens were before it, 
by the convergent rays a chi; but 
if the double -concave glass D H 
he interposed between the object 
and the eye, the ray a c will be 
bent towards g, and the ray h i 
will be bent towards h, and consequently both will be useless, as they do not 
enter the eye. The object, then, will be seen by the rays aobr, which, on enter- 
ing the glass, will he refracted into the lines o e and r i; and, according to the 
rule laid down, the object will be seen in the last direction of these rays ; there- 
fore, as the angle oer is so much smaller than the angle a c h, the arrow 
necessarily appears diminished; and as, with the diminution of its apparent 
size, we connect the idea of its being further off, it seems to be at the dis- 
tance n m. 

The miniscus acts like a convex lens when it is thickest in the middle, that 
is, when its convex surface is a portion of a less sphere than its concave one ; 
on the contrary, when it is thinnest in the middle, or has its concave surface a 
portion of a less sphere than the other, it has the effect of a concave lens. The 
axis of a lens, is a line supposed to be drawn through the centre of its spherical 
surfaces. When one side of the lens is plane, the axis is perpendicular to that 
side. The axis of a lens continued, would pass exactly through the centre of 
that sphere, of which the lens is the segment. The focus of a plano-convex lens 
is at a distance from the convex surface equal to the diameter of the sphere 
of which it is a part ; and that of a double and equally convex lens is 
at half the same distance. The distance of the focus of a solid globe or ball 
of glass is one quarter of its diameter from the nearest part of the ball. To 
explain the effect of the multiplying glass, (!No. 7,) it will only he necessary to 
revert to the principle, that objects appear in the direction of the line last 
described by the rays that render them visible ; hence, if the object B, (p. 2 1 3.) 
k seen through the glass E H by the ray B A that passes through the surface 
F G, the object, by the^eye at A, will be seen at B ; the ray B G passes through 
the surface G H, and alter refraction comes to the eye in the direction of A D, 
cis It proceeded from B, and therefore the olgect appears at D ; and for the ^me 
reason, through the surface F E, it appears at C ; consequently, there will be 
tlie rppearance of as many objects as there are flat surfaces on the glass, for 
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each of them shows the same object in a different place. The disposition of the 
rays of light to be turned back into the medium from whence they came, is 



called their rejlexihility ; the change of direction produced by their being actually 
turned back, is called rejlection. All objects which are not themselves luminous 
are rendered visible by reflection ; and glass, crystal, water, and the most pellucid 
media, reflect a portion of the rays of light which fall on them, or their forms 
and substance could not be distinguished. On the other hand, the whole of 
the incident light is not reflected from any surface, however bright, smooth, 
and opaque. It is calculated that the best mirrors reflect little more than half 
the light they receive ; the part lost consists of two portions, one of which, 
and by far the largest, being absorbed by the mirror, and the other, scattered 
by irregular reflection. Light is always lost, in passing through the most trans- 
parent bodies, by the same Taws. 

The different refrangibility of the rays of light is demonstrated by the prism. 

If a beam of light from the sun be let into a darkened room, and be received 
upon a white screen or opposite wall, it will form a circular image, and will be 
of one uniform whiteness. If a prism be interposed, so that the light must 
pass through it before it reaches the wall, the image is no longer circular or 
white ; it assumes an oblong shape, terminated by semicircular arches, and 
exhibits seven different colours. This oblong image is called the spectrum. 

In the whole range of philosophical experiment, a more beautiful appearance 
cannot be presented to the eye, and instructive nature will appear not less e.\tra- 
ordinary than its beauty, when it is considered, that the investigation of the 
cause of it led Sir Isaac Newton to form the first rational theory of the cause 
of colours. The seven colours of the spectrum are called the original, or pri- 
mary colours. If a spectrum be divided into 100 parts, the red part of it is 
found to occupy 11 of these parts; the orange 8, the yellow 14, the green 17, 
the blue 17, the indigo 11, and the violet 22. The red part of the spectrui.. 
is nearest the prism ; and the violet, at the greatest distance. It is clear, from 
this, that light is not homogenous, because the attractive power of the prism is 
greater upon some parts of it than upon other parts. Accordingly, it is gene- 
rally concluded that the solar beam or white light is composed of particles 
differing in size and density ; that this dift’erence of their size and density is 
the cause of their being differently refrangible ; and that the separation of the 
rays of one or more sizes from the rest, by various means, produegs all the diver- 
sity of colours which affect our sight. It is found, that the red part of light is 
capable of struggling through thick and resisting mediums, when all the other** 
colours are stopped. Thus, the sun appears red when seen through a fog. 
The particles which compose orange light are next, in size and refrangibility, to 
the red ; and so on to the violet, which consists of the smallest particles, and 
which are, therefore, the most turned out of their course. M hite is composed 
of all the primary colours, mixed together in their due proportions. Tl hen 
bodies reflect the rays of light in the proportion in which <liey exi.st in the solar 
beam, they appear white ; when they reflect none of the rays, they appear black. * 

Coiwe.x lenses in their simple state have been applied to collect the heat of 
the sun’s rays, for purposes similar to those of btirning’iuirrors. A burning 
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lens must be convex ; a burning mirror, concave ; because both produce their 
etfect by concentrating into a focus the rays of light and heat incident iipon a 
large surface. As the rays which pass through a eonve.x lens, or are reflected 
from a concave mirror, are united at its focus, their effect is so much the 
greater, as the surface of the lens or mirror exceeds that of the focus. Thus, 
if a lens four inches in diameter collect the sim’s rays into a focus at the dis- 
tance of one foots the focal image will not be more than one-tenth of an inch 
broad. The surface of this circle is 1600 times less than the surface of the 
lens, consequently the density of the sun’s rays within it is*proportionately 
increased. It has been found, that large lenses and mirrors burn with irresis- 
tible intensity when properly constructed, dispersing the iiardest metals and 
other substances into gas, often in a few seconds. See Burning Glass, and 
the various other, optical instruments, under their respective names. 

ORES. The natural bodies whence metals are extracted. Metallic sub- 
stances, when found pure, are called native; but when combined with other 
substances, as they generally are, they are denominated ores. As it is of the 
utmost importance to be acquainted with the materials of which ores are com- 
posed, as well as the simplest and easiest processes by which they may be sepa- 
rated from each other, we deem it necessary to give the following brief account 
of the modes of reduction usually adopted. 

Ores of Gold . — Gold exists in nature only in the metallic state; but it is 
scarcely ever found perfectly pure, for it is alloyed in different proportions with 
silver, copper, tellurium, and some other metals. When it is alloyed witli silver 
or copper, or even with both, the gold retains its ductility ; but when combined 
with tellurium, its distinctive characters entirely disappear. The presence of 
gold may easily be detected by treating the mineral supposed to contain it witli 
nitro-muriatic acid, and dropping muriate of tin into the solution. If the solu- 
tion contains any gold, a purple precipitate immediately appears. Native gold 
ought to be dissolved in nitro-muriatic acid ; the silver, if any is present, falls 
to the bottom in the state of muriate, and may be separated by filtration, and 
weighed. Pour sulphate of iron into the solution, and the gold is precipitated in 
the metallic state. Tlie copper, if any is present, may be precipitated by means 
of a plate of iron ; the presence of iron may be ascertained by dropping tincture 
of nutgalls into a portion of the solution. The auriferous pyrites may be treated 
with diluted nitrous acid, which dissolves the iron, and separates the sulphur ; 
the gold remains insoluble, and is found in the state of small grains. In the 
Hungarian gold mines, which are the richest yet known in the old continent, 
the attention of the miner is not merely limited to the strings of ore, but to the 
whole contents of the vein, which are usually e.xtracted, and raised to the sur- 
face in large masses. These masses are distributed to the workmen, who break 
them down, first with large hammers, and afterwards with smaller ones, till they 
are reduced to pieces of the size of a walnut ; the native gold, with the matrix 
attached to it, is again to be broken by hand into still smaller pieces, by which 
means other impurities and stony matters are separated. The ore is then intro- 
duced into a wooden box, floored with cast-iron plates, and, by the action of two 
or more heavy spars of oak, which are shod with iron, and alternately uorked 
like the common stamping mill, it is reduced to a fine powder ; this powder, 
which is called flour, is then removed into a vessel like a large basin, and mixed 
with such a q>iantity of salt and water as will render it damp ; the workman 
then takes a thin, porous leather bag, introduces a quantity of mercury into it, 
. and, by regular and continued pressure, forces the mercurv, in very minute 
drops, through the leather. In this divided state it falls upon tlie pulverized ore, 
and is immediately kneaded up with it, till the requisite quantity, which depends 
on the proportion of gold, has been added. After completing" this part of the 
process, the next object is to incorporate the mercury and gold ; this is eflected 
by rubbing the mixture together for some time by means of a wooden pestle ; 
the mixture is then 'Jieated in a proper vessel, and subjected, for three or four 
days, to the temperature of boiling water ; and, lastly, the mixture is to be care- 
fully washed by small parcels at a time, so that the earthy particles r^ay be 
cairicd oil by the water ; the mercuiy, combineil with the gold, ottly remains 
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behind in the form of amalgam. A portion of this mercury is then sepr.vated, 
by pressure, in a leathern bag, and the remainder is driven ofl’ by distillation, 
leaving behind the gold and silver, with which it may be alloyed. When this 
metal is found in other ores, they are first roasted, to disperse the volatile prin- 
ciples, and to oxidize the other metals. The gold, which is but little subject to 
o.xidation, is extracted by amalgamation or by cupellation, or either methods, 
adapted to each ore, according to its properties or constituent -parts. 'I'he metal 
obtained in theje ways is always more or less alloyed, particularly with silver 
and copper. The first step in its purification is the process of cupellation. (See 
CupELL.VTioN.) The gold, after it has been submitted to this process, is often 
alloyed with silver, whicli, being nearly as difficult of oxidation, is not removed 
by the action of lead ; and hence tlie necessity of the operation denominated 
parting, for which see Partixo. 

Ores of Plathnwi . — The whole of the jdatinum which has been brought to 
Europe, has been previously subjected to the process of amalgamation in South 
America; and hence it happens that a. small quantity of mercury remains in 
it. In treating tlie ores, therefore, tlio first object is to separate the mercury by 
means of lieat, either in an open ladle, or in an earthy retort ; the platinum 
remaining after the mercury is thus driven off, appears much yellower, because 
the particles of gold dispersed through it e.xhibit their peculiar colour. Proust’s 
method of analysis is, first, to separate the sand with which the grains of pla- 
tinum are mixed, by exposing them to a blast of air. By heat he evaporates 
the mercury, which still adheres to them, and then picks out the grains of gold, 
which are always mixed with platinum, and which are thus rendered visible. 
The ore is tlien dissolved in an acid composed of one part of nitre, and three 
parts of muriatic acid; a black powder remains; this powder, when roasted, 
gives out phosphorus and sulphur. After the separation of the gold, nitro- 
muriatic acid being poured on the remaining mass will dissolve it, with the 
exception of a small quantity of black matter, which was formerly mistaken for 
plumbago, but is now proved to be a compound of osmium and iridium, two of the 
four new metallic bodies, wliioli were discovered a few years ago by Mr. Tennant. 
Tliese two metals Dr. Wollaston has since shown to exist also in the crude pla- 
tinum ore, united together in the form of distinct minute crystals, and dispersed 
through the other grains, from which they can be distinguislied and picked out 
without difficulty. Muriate of ammonia being now added to the solution, the 
platinum is precipitated in the form of a yellowish powder, which is a compound 
of muriatic acid, ammenia, and platinum ; the remaining solution, after the 
platinum has been separated from it, still cont.dns, besides iron, minute quan- 
titie.s of various other substances, amongst which tlie two other metallic bodies, 
lialladiura and rliodium, were discovered by Dr. Wollaston. Having now brought 
the platinum to the state of salt, the next object i.s to restore it, thus purified, 
to its metallic stat^. and to consolidate it into a malleable mass; this, from the 
great iiifusibility of idatiimm, has long been a matter of considerable difficulty ' 
and labour. It had been long discovered that arsenic readily united with pla- 
tinum, and formed with it an alloy of great fusibility ; an alloy, therefore, was 
made of crude platinum and arsenic ; and tlie latter metal, being easily vola- 
tilized, was driven off by heat, whilst the iron, being oxidated during the process, 
was also separated from the mass; so that the platinum was left m an impure 
but malleable state. • 

Ores of Silver . — The analysis and reduction of these different ores, it is^ 
scarcely necessary to observe, must be conducted according to tlie nature ai,H 
proportion of the ingredients which enter into the composition of the ore to be 
e.xamined or reduced. Pure native silver requires no otlier assay than fusion, 
with a little potash to free it from its earthy matter. In tlie humid way, the 
silver may he dissolved in nitric acid, and precipitated by common salt ; the 
precipitate may then be fused with soda in a crucible, ^by which the silver is 
obtained pure, and the muriate of soda sublimed. The auriferous sihev ores 
mai»be treated with potash, by fusion in a crucible ; the alloy of silver and gold’ 
is tiv-t obtained, and tlie two metals may be separated tlie piocess of paiting. 

^Tlinse ores which consist of silver conihiiied with aiitiniony, or arsenic, or iotli, 
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are first roasted, to drive off the arsenic and antimony, the silver remaining 
pure. The process is much facilitated by the use of nitre, for the purpose of 
oxidating the metals to be dissipated. The ores of silver are reduced either by 
fusion or amalgamation ; the former method is chiefly practised on native sul- 
phuret of lead or galena, which commonly contains a portion of silver, and 
often in such quantity as to make its separation from the lead a profitable 
undertaking. After the lead has been extracted from the ore, the object of the 
refiner is to obtain tlie silver in a separate state, which is dispe)jfed through the 
mass of lead ; this is performed by tlie process of cupellation on a large scale, 
or refining, as it is usually termed. The other process of reducing silver ores 
by amalgamation is now pretty generally followed in different parts of Europe. 
The ores which are subjected to amalgamation are such as contain only a small 
quantity of lead or copper; but it is of some importance that there should be 
a certain proportion of iron pyrites; and if this proportion be not naturally 
mixed with the ore, it is a good practice to supply the deficiency by adding what 
is wanting to the dressed ore, so that the pyritieal contents may, as nearly as 
possible, be in a certain proportion to the quantity of silver, which is to be 
ascertained by previously assaying a portion of the ore. The ore being reduced 
to the consistence of coarse sand, is carefully mixed with common smt, in the 
proportion of eight or nine per cent. ; when the silver in the ore amounts to 
eight ounces per quintal, and when the latter amounts to thirty-two ounces, or 
even a greater proportion, from ten to twelve per cent, of salt is to be added. 
The next process is roasting the ore, in which about three quintals are spread 
on the floor of a reverberatory surface, and subjected to a moderate red heat. 
During the roasting, the ore is to be turned twice or thrice, that every part of it 
may be equally exposed to the heat. When the whole of the ore is roasted, it 
is ground in a mill and passed through sieves, by which it is made as fine as meal, 
and is then prepared for the proper process of amalgamation ; this is performed 
in the following manner:— A number of small barrels, which are made to 
revolve rapidly on their axis by means of machinery ; or fixed tubs, either open 
or covered, having in the centre of each an instrument resembling a chocolate 
mill, which may be turned rapidly by similar machinery; the tubs or barrels 
are filled about one-third with water, and, afterwards, a sufficient quantity of 
roasted ore and mercury, in nearly equal proportions, is introduced, so that the 
whole may be of the consistence of thin mud. The machinery is put in motion, 
and continued without interruption, for thirty or forty-eight hours, according to 
the nature of the ore, when the amalgamation is completed. About a quarter 
of an hour after the agitation of the matter in the baiTels has ceased, the 
greater part of it falls to the bottom, and is withdrawn by opening a hole made 
for the purpose ; the earthy residue is carefully washed by small portions at a 
time, and thus a good deal of the amalgam, which, from being very minutely 
divided, could not sink through and mix with the rest, is recovered. Tlie 
earth, however, if originally rich in silver, still retains a small proportion ; it is, 
therefore, dried, and being mixed with about three per cent, of salt, is again 
roasted, but at a higher temperature than at first; and the process of amalgama- 
tion being again repeated, the whole of the silver is extracted. The fluid 
amalgam is strained through a closely woven bag, and is thus separated into 
nearly pure mercury and a stiff amalgam ; and the latter being subjected to 
distillation, the -mercury is driven over, and the silver remains behind ; the 
copper, which is combined with the silver, is separated by cupellation. 

Ores of Mercury . — These present less variety than those of many other metals ; 
and on account of the peculiar properties of the metal, the management of its 
ores, whether for the purposes of analysis or reduction, is less complicated and 
difficult. In order to analyse the ore of native mercury, or native amalgam, 
it may be dissolved in nitric acid. The gold, if any is present, remains in the 
state of powder, and may be estimated by its weight. The affusion of water 
precipitates the bismutl^ if the solution happens to contain any. Common salt 
■J-recipitates the silver, and also part of the mercury, but the latter may be rudis- 
solved by a sufficient qi^ntity of water, or, which is far better, of oxymuriatic 
acid^ while the muriate of silver remains insoluble ; lastly, the mercury may be^ 



OilKS. 


1:17 


precipitated by sulphate of iron, and estimated. Native emnaoar may be treated 
with a mixture of three parts muriatic, and one part nitric acid, which dissolves 
the mercury, and leaves the sulphur. Muriate of mercury may be digested in 
muriatic acid, till the whole is dissolved. Muriate of barytes precipitates the 
sulphuric acid, 100 parts of which are equivalent to 186 of sulphate of mercury, 
and the proportion of this salt being known, we have that of the muriate. A 
very simple process is followed for reducing the ores of mercury ; the best and 
most scientific method is that practised at the mines of Deaux Fonts and Poria. 
The ore, as it is btought out of the mine, is carefully sorted by the hand, and those 
parts which seem destitute of metal are rejected. It is next reduced to powder, 
and accurately mixed with one fifth of quicklime, which has fallen to powder 
by exposing it to the air, the quantity of quicklime being regulated by the pro- 
portions of cinnabar contained in the ore. The mixture being thus prepared, 
is introduced into iron retorts, which are capable of holding about sixty pounds 
weight. The retorts, to the number of forty or fifty, are fixed in a long furnace, 
and a glass receiver is attached to each, but it is not luted. A moderate heat 
is then applied, for the purpose of driving off the whole of the moisture, and 
when this is done, the joinings of the vessels must be closely stopped with tem- 
pered clay, and a full red heat is to be applied, and continued for seven or eight 
hours, at the end of which time the whole of the mercury tvill be volatilized, 
and condensed in the receiver. By this process, it is found that from six to ten 
ounces of metal are produced from one hundred pounds of the ore. 

Ores of Copper . — This metal is found native in the state of oxide, in the state 
of sulphuret, and in that of salt, combined with carbonic, muriatic, phosphoric, 
and arsenic acids. Native copper sometimes contains gold, silver, or iron. It 
may be dissolved in nitric acid ; the gold remains in the state of a blackish or 
rather violet-coloured powder ; the silver may be separated by a polished plate 
of copper (or it may be precipitated from a separate portion of the solution by 
common salt) ; the iron may be separated by boiling the solution to dryness, 
and treating the residuum with water. By this process, the nitrate of iron is 
decomposed ; the oxide of iron remains, while the water dissolves the nitrate of 
copper; this last salt maybe decomposed by boiling it with potash; the precipi- 
tate dried in a red heat is black oxide of copper ; one hundred parts of it denote 
eighty of the metallic copper. Sulphuret of copper may be dissolved in dilutic 
nitric acid ; part of the sulphur remains unaltered, and may be estimated by 
weighing it, and burning it off ; part is acidified, and may be precipitated by 
nitrate of barytes, 100 parts of the dried precipitate indicating 14.5 of sulphur. 
By evaporation to dryness, and solution in water, the iron is separated, and the 
copper may be estimated as in the last paragraph, or muriatic acid may be used 
instead of nitric acid, but in that case it is more difficult to obtain a complete 
solution. The usual process employed in our Cornish mining districts, for 
reducing copper ores to the metallic state, are described under the article 
Copper, (which see.) 

Ores of Iron . — Notwithstanding the great variety of iron ores, they may be all, 
as far as analysis is concerned, arranged under three heads ; namely, sulphurets, 
oxides, and salts. The first are distinguished by their general bronze colour, 
but more particularly by the suffocating smell of sulphureous acid gas, which 
they afford by being heated to redness in the open air. The second consist of 
iron united with oxygen, and are by far the most common of all* Nearly the 
whole of the iron ores in use are of this kind, containing also different propor- 
tions of earthy matter in their composition. The third division comprehends such 
as consist of the oxide of iron combined with some acid, and hence are called 
salts ; the principal varieties of these are the phosphates, sulphates, arseniates, 
and carbonates. The various processes employed at our great iron works for 
the reduction of the different species of iron ore, are given under the article 
Iron. 

Ores of Tin. — Tin-stone, or vein tin, as it is called in CTirnwall, contains a 
large proportion of stony matters ; it therefore requires considerable care in its 
preparation, previously to its being reduced. It is first brol^en by hammers into 
pieces about the size of a hen’s egg, when it is ready for the operation of stamp. 
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iiig, which is performed in the way already described for the ores of gold, 
excepting that there are only three stampers. A tin plate of about a foot 
square, and pierced with holes, to admit a moderate sized knitting needle, is 
inserted in front of the trough, and that surface of the plate with the rough 
extremities of the holes is on the inside, by which the holes are prevented from 
being plugged up with the ore. As the ore is reduced to the proper fineness, 
it passes with the water through the holes into the lab} rinth where it is collected, 
and after being washed on a wooden table, it is ready for roasting. In this state 
it has a considerable proportion of copper and iron pyrites, anS is called black 
tin ; after being calcined, at a low red heat, for several hours in a large rever- 
beratory furnace, the ore comes out of a bright ochrey red colour, owing to the 
decomposition and oxidation of some of the metallic substances ; but the oxide 
of tin, when the operation is properly conducted, remains unaltered. The ore 
is washed a second time, to separate the remaining impurities, and the water, 
which is impregnated with sulphate of copper, is retained, and decomposed by 
means of old iron. The reduction of the ore is the next step in the process ; seven 
cwt. of roasted ore, with one fifth of its bulk of small coal, are introduced into 
a reverberatory furnace, which is about seven feet long, and three and a half 
wide — no lime, or, indeed, flux of any kind, is required. A brisk heat is kept 
up for about six hours, the tin sinking down as it is reduced, and covered with 
black scoriae. The furnace is now tapped, and the metal flows into a shallow 
pit ; when the whole of the metal has run out, the scorim are removed from 
the furnace, and a fresh charge is made. The metal in the pit throws up a 
slag, rich in metal, which is immediately returned into the furnace, and after 
the melted tin has cooled a little, it is taken out with ladles, and poured into 
granite moulds ; each charge affords on an average from four to five cwt. of 
metal, hut as the first scoriee are not entirely free from metal, they are again 
stamped and washed, and mixed with a new parcel of roasted ore. The pigs of 
tin are next put into a small reverberatory furnace, where, without any addition, 
they are subjected to a very gentle heat; the purest part of the tin melts first, 
and is drawn off, forming what is called common grained tin ; the other part con- 
tains some copper, arsenic, and iron, which is biought to a state of fusion, and 
cast into pigs, forming common tin. 

Ores of Lead .- — The methods of reducing lead ores have been given under the 
article Le.vd. See also Separation. 

Ores of Bismuth . — Bismuth is accompanied hy native silver, galena, some 
other metals, and earthy substances. In conducting the analysis, previous 
roasting is not requisite. The low degree of heat at which bismuth is fusible 
renders the reduction of the ores of this metal a very simple process. In the 
large way, the ores were formerly reduced merely by heating them along with 
burning fuel ; sometimes a shallow hole was made in the ground, and filled 
loosely with pieces of wood and bushes, and after the fire was kindled, the ore, 
reduced to small pieces, was thrown in ; sometimes the stump of a hollow pine 
tree was filled with wood and ore alternately, and set on file, the bismuth sepa- 
rated from its matrix, and collected in a mass at the bottom ; the scarcity of wood 
has, however, put an end to these rude and extravagant methods, and the ores 
of bismuth are now reduced in a common reverberatory furnace, the bed of 
which is lined with charcoal, whence the melted metal is removed in iron ladles, 
and cast into masses weighing twenty or thirty pounds, in which state it is 
brought to market. 

Ores of Zinc . — The ores of zinc are the native carbonate, or common cala- 
mine, the oxide of zinc and blende, or the sulphuret of zinc. In the process 
for reducing the ore of zinc, it is first to be broken into small pieces, and the 
different impurities being separated, it is next calcined in a reverberatory fur- 
nace, at a moderate red heat ; and if the ore be calamine, the carbonic acid is 
driven off, and if blende, it is deprived of its sulphur. After this it is washed, 
and the metallic oxide being separated from the earthy parts, it is dried, and 
carefully mixed with about one eighth of its weight of charcoal, by grinding the 
ingredients together,,in a mill, and is now ready for the smelting proces?. This 
js performed in a circular furnace, in which are fixed six large earthen pots. 



ORGAN. 


219 


about four feet high, and nearly iu the shape of oil jars. An iron tube is iii- 
serted into the hottom of each pot, and passing through the arched floor of the 
furnace, terminates in a vessel of water placed beneath, while the other end of 
the tube rises within the crucible to a few inches of the top. The crucibles are 
then filled with the mixture of the ore and charcoal, to the level of the tube ; 
the cover of each is carefully luted on, and an intense heat is to be kept for 
several hours. The zinc, as the process of reduction goes on, rises, in the form 
of vapour, to tljp top of the pot, but as it cannot escape, it descends through 
the iron tube, passes into the water, and is condensed in small drops. The 
globules are afterwards fused, and cast into the form of ingots, when it is fit for 
the market ; but as common zinc contains a little of other metals, as copper, 
lead, arsenic, iron, and manganese, which impair its quality, these impurities are 
partially separated by melting the zinc iu a crucible, and stirring into it, with a 
stick or earthen rod, a mixture of sulphur and fat ; by the latter, the zinc is 
preserved from oxidation, and the sulphur combines with the other metals, 
except the zinc, and, converting them into sulphurets, they rise to the top in the 
form of scoriae, which may be removed. This process is to be repeated as long 
as any scoria appear. See Zixc. 

Ores of Antimony. — The sulphuretted ore of antimony is the only one which 
is found in sufficient quantity to be employed in the process of reduction in the 
large way, and the process it undergoes is extremely simple. The ore, being sepa- 
rated from the greater part of the stony matters which adhere to it, is placed on 
the bed of a reverberatory furnace, and covered with charcoal powder, and 
being brought to a low red heat, the sulphuret enters into fusion, and the earthy 
parts, floating on the surface, are removed with a rake. The melted part is cast 
into the form of large cakes, and is the crude antimony of the shops. The 
metal is obtained in a state of purity from the crude antimony or sulpliuret, by 
different processes. After its reduction to a pure state, it has been long known 
by the appellation of regulus of antimony. In the reformed chemical nomen- 
clature, indeed, it is now called simply antimony, but the term regulus still con- 
tinues to be used by the merchant or the artisan. (See Antimony.) The ores 
of Cobalt, Nickel, Arsenic, Titunium, and Manganese, are noticed under their 
metallic heads. 

ORG.^N. A large and very harmonious musical instmment, of considerable 
antiquity. They were first introduced into this country about the fourteenth 
century, although iiistniments of a similar nature, but of a less refined construc- 
tion, were in use long prior in some of the cities of the southern and western 
parts of Europe. During the civil wars they were removed from the churches 
in England, and so generally reprobated that there could scarcely be found 
either organists or organ-builders ; but after the Restoration, owing to the defi- 
ciency of workmen and musicians, liberal encouragement was offered for the 
introduction of foreign talent, and the re-establishment, at home, of our native 
emigrants. The most conspicuous of those who, in consequence, came over to 
minister to the public taste, were Bernard Schmidt (afterwards distinguished by 
the name of Father Smith) and Renatus Hariis; and, it appears, these two 
individuals were so nearly matched . in ability, that several public trials were 
made to determine whose instrument was entitled to superior estimation, which 
was finally adjudged to Father Smith. In the Unicersal Magazine for 1778, a 
quaint account is given of this controversy from the pen of an anonymous cor- 
respondent. This occurred during the reign of Charles II. ; and of the organs ^ 
that were constructed at that period by Harris, several fine ones are said to be* 
remaining in London ; namely, that of St, Bride, St. Lawrence, and St. Mary 
Axe. Of those constnicted by Father Smith, may be enumerated lliat for 
St. Paul’s, St. Mary Woolnoth, the Temple Church (where the conte.-.t took 
place), St. Mary, Oxford, and Trinity College, Cambridge ; all of which have 
been highly celebrated for their tone and the variety of their powers, embracing 
the vox humana stop, the cremona, the flute, and many flthers. It is, indeed, 
considered by many reputed judges, that these old instruments far surpass in ' 
tone anv of more modern construction, notwithstanding the great improve- 

• I 
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ments in the mechanism of organs by Byfield, Snetzler, Green, Gray, Flight, 
and others. 

The modem organ is a very complicated and ingenious piece of mechanism. 
Although it is spoken of as one instrament, yet, strictly speaking, it is a collec- 
tion of instmments, all brought under the fingers of one performer ; and so 
contrived, that he has it in his-power to play on any one singly, or to combine 
several, or all, a'crording to his taste, in order to produce variety of effect : it 
consists, even in its simplest form, of a number of sets of pipes, each producing 
the twelve notes of the chromatic scale, and comprising several octaves, accord- 
ing to the usual key-board. The magnitude and grandeur of these instmments 
chiefly depend on the number and variety of the stops and sizes of the pipes, so 
that the difference of effect which it is in the power of an able organist to produce 
is almost endless. To give a particular detail of the constmetion of organs, would 
scarcely accord with our prescribed limits, and would, in a great measure, be a 
repetition of many of the parts described under the head of Apollonicon ; we 
shall, therefore, close the subject in this place, by referring the reader to our 
account of the latter instrument, and to the article Organ, in the Oxford Ency- 
clopcedia, which contains much interesting information on this subject, with 
several engravings, explanatory of the mechanism of the several kinds of organs. 

ORPIMENT. A mineral substance, consisting of arsenic combined with 
about fox ty-three parts of sulphur, and is about thrice as heavy as water. It is 
found, both in a massive and crystallized state, in Turkey, Hungary, and some 
other countries. The orpiment of commeice is an artificial production, chiefly 
imported from different parts of the Levant. A beautiful, hut fugitive pigment, 
called Icing's yellow, is prepared from this mineral. (See Painting.) 

ORRERY. An astronomical instrument, for exhibiting the motions of the 
heavenly bodies, was first constructed by Graham ; but its name is derived from 
one made by Howley for the Earl of Orrery. It is now generally called Plane- 
tarium, (which see.) 

ORRIS-ROOT. The root of a white-flowered kind of iris, called Florentine 
Iris, which is a native of Italy, and is distinguished by having two flowers on 
each stalk ; the petals bearded, and the leaves sword-shaped. In a dried state, 
this root is well known on account of its grateful odour, which somewhat 
approaches that of the violet. It is consequently much used in the manufacture 
of hair-powder, and other articles, for which an agreeable scent is required. It 
is sometimes employed in medicine as a pectoral or expectorant, and sometimes 
in dropsies. In a recent state, the root is extremely acrid ; and, when chewed, 
excites in the mouth a pxmgent taste, which continues for several hours ; but 
this acrimony is alipost wholly dissipated by drying. Ori'is-root is cliiefiy 
imported into this country from Leghorn. 

OSCILLATION, Centre of. That point, in a body vibrating by its gravity, 
in which, if any body be placed, or if the whole mass be collected, it will perform 
its vibrations in the same time, and with the same angular velocity, as the whole 
body, about the same point or axis of suspension. The centre of oscillation 
may be thus found : suspend the body by the given point, so that it may 
vibrate freely in small arcs, and count the number of vibrations it makes in a 
minute ; then will the distance in inches, of the centre of oscillation, he equal 
to the number 140,850, divided by the square of the number of vibrations. 
Thus, suppose Any irregular body were set in vibration, and made 30 vibrations 

/n a minute, then = 156^ inches. The number 140,850 is obtained 

by multiplying 39)) inches, the length of a seconds pendulum, by the square of 
60, the number of vibrations it makes in a minute. 

OSMIUM. A metal lately discovered by Mr. Tennant among platina, and 
thus called by him, from the pungent and peculiar smell of its oxide. The pure 
metal, previously heatgd, did not appear to be acted upon by acids. Heated in 
a silver cup, with caustic alkali, it combined with it, and gave a yellow solution 
similar to that from which it was procured. From this solution, acids sej^rate 
the oxide of osmium, e 

^VEN is a general tenn applied to variously foimed apparatus eniploved for 
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baking or drj'ing different substances, many of which have been described in 
the course of this w'ork ; we shall therefore confine ourselves, in this place, to » 

an account of that particular class of ovens which are used for the baking of 
bread. The common baker's oven, “ apon the old principle” (as it is now dis- 
tinguished), is usually a vaulted chamber of brickwork, of an oval shape, and * 

having an iron door and frame in front; and there is mostly adjied in the upper 
part an enclosed closet with an iron grating, for the “ tins” to stand on. called 
the proving ove». To heat these ovens, faggots are usually employed ; these are 
put inside, and burnt to ashes, which are afterwards removed, and the bottom 
cleared out. During this process a great deal of the heat escapes ; and as a still 
farther length of time is required to charge the oven w'ith the bread, the oven 
must necessarily be made much hotter at first than is required for the baking 
temperature ; and, consequently, a great waste of fuel is the consequence. If 
this heat be not greatly in excess at first, the oven gets chilled before all the 
bread is put in, and causes the latter to sink and become “ heavy.” To remedy 
this inconvenience, ovens of more recent construction are built upon a solid 
base of brickwork, with a door of iron in front ; and on one side of this is 
another iron door, opening into a small furnace, provided with a grating, on 
which the fuel (coal) is laid, and an ash-hole underneath. The fire-chamber is 
separated from the oven by means of a partition, but is open at the end : over 
this is usually erected a copper with a cock to it, for heating and supplying 
water to the bakehouse ; and on one side of the copper is situated the proving 
oven, also inclosed in the brickwork. In heating the oven, the draught from 
the fireplace causes the flames and heated gases to sweep and reverberate around 
the circular walls and dome ; and the soot that may be at first deposited upon 
the brickwork is subsequently burnt off, as the tire bums clear, or is brushed 
away before the bread is put in by a swab, such as is used for cleansing the 
decks of ships at sea. The farthest extremity of the fire-chamber is usually 
provided with a sliding door, by the opening or closing of which the heat may 
be regulated ; and thus, as well as from the proximity of the fire and chamber, 
the heat of the oven may be kept up during the time the bread is being 
put in. 

An oven, invented by Count Romford, and termed the perpetual oven, has 
been much extolled ; and though we have never seen it in use, it deserves, from 
its originality, ingenuity, and convenience, to be better known. For the baking 
of small bread, pastry, and the like, its utility is manifest. The following is 
the description given of it by the Count, with the manner of using it “ In the 
centre of a circular, or rather a cylindrical mass of brickwork, about eight feet 
in diameter, which occupies the middle of a large room on the ground floor, I 
constructed a small circular closed fireplace for burning either wood, coals, 
turf, or peat; the diameter of the fireplace is about 11 inches, the grate being 
placed about 10 inches above the floor, and the top of the fireplace contracted 
to about 4 inches ; immediately above this narrow throat, six separate canals 
(each furnished with a damper, by means of which its opening can be contracted 
more or less, or entirely closed,) gooffhori 2 ontally,by which the flame is conducted 
into six separate seta of flues, under six large plates of cast-iron, which formed the 
bottom of six ovens on the same level, and joining each other hy their sides, 
which are concealed in the cylindrical mass of brickwork. Each of these 
plates of cast-iron being in the form of an equilateral triangle, they unite in 
the centre of the cylindrical mass of brickwork ; consequently , the two sides 
of each unite in a point at the bottom of it, forming an angle of sixty degrees. 

Tlie flame, after circulating under the bottoms of these ovens, rises up in two 
canals, concealed in the front wall of each oven, and situated on the right and 
left of its mouth ; and, after circulating again in similar flues on the upper flat • 
surface of another triangular plate of cast-iron, which forms the top of the » 
oven, goes off upwards, by a canal furnished with a damper into a hollow place, 
situated on the top of the cylindrical mass of brickwork, from which it passes » 
off in»an horizontal iron tube, about 7 inches in diameter, suspended near the 
ceiling of the i com, into a chimney, situated on one sidt»(>r the room. These 
six ovens, which uic eoiitiguous to each other in this ma.ss ct biickwoik, lic 
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united by their sides by walls made of tiles, about an inch and a half thick, and 
ten inches square, placed edgeways, having its separate canals furnished with a 
register communicating with the fire-place. Any one, or more of them, may 
be heated at the same time without heating the others ; or the heat may be 
turned off from one of them to another, in continual succession ; and, by 
managing matters properly, the process of baking may be uninterrupted. As 
soon as the meat-pies, or puddings, are drawn out of one oven, the fire may be 
immediately turned under it to heat it again, while that from binder which the 
fire is taken is filled with other dishes, and closed up.” W e have heard of several 
ovens having been erected, of which this plan of Count Eumford forms the 
groundwork. 

Hicks's economical Oven . — In the year 1830 a patent was taken out by Mr. 
Robert Hicks for “ an economical apparatus or machine to be applied in the 
process of baking for the purpose of saving materials;” and for carrying this 
invention into effect on the great scale, the Metropolitan Bread Company (now 
extinct) was established. The saving of materials mentioned in the title just 
quoted, had reference to the saving of the vinous spirit which is generated by 
the fermentation of the dough, and is given off chiefly in the process of baking. 
This spirit, when duly rectified, is pure alcohol, and the quantity thus 
obtained from bread has been variously stated ; but we believe it amounts to 
nearly a gallon per sack of flour when the oven is perfect, and the joints well 
luted. To make a chamber or retort so impervious as to carry on the process 
of distillation as well as that of baking, would, of course, be impracticable with 
such porous and friable materials as brick and stone ; Mr. Hicks, therefore, 
adopted one of iron, laying inside upon the bottom a floor of bricks, that too 
scorching a heat might not be communicated from the metal to the bread ; a 
fire is made under the oven, at a proper distance, and brick flues communicating 
with the fire chamber, are carried around the outside of the oven, so as to 
envelope every part. The door of the oven is made to fit it accurately by 
gr inding, and is brought into close contact by a transverse bar and screw, in the 
manner of closing the mouths of retorts. In the centre of the top of the oven 
a large tube, or neck, is fixed vertically, extending from the brickwork which 
covers the iron chamber ; in this tube the vapours from the bread are collected, 
and are thence conducted by a lateral pipe into a common distiller’s worm, 
which, being surrounded by cold water, the vapours become condensed, and the 
resulting liquid, composed chiefly of water and alcohol, in the state of “ low 
wines,” is drawn off into suitable receptacles for subsequent rectification. In 
order to regulate the temperature of the oven, an iron tube, about the size of a 
musket barrel, and about a foot long, and closed at the lower end, is suspended 
vertically in the middle of the neck by passing it through a conical hole in the 
latter, to which it is closely fitted: in this tube oil is deposited, and into the oil 
is suspended the bulb of a thermometer, whose graduated scale above exhibits 
the temperature of the oil, and, consequently, very nearly that of the oven. To 
equaUze the application of heat to the oven, Mr. Hicks adopted the re\olving 
fireplace of Steel and Brunton. For this purpose the oven is made circular, and 
at about a foot from the bottom of it is a large circular plate of the same 
diameter as the oven (six feet), which turns in a horizontal plane on a vertical 
axis, forming a complete partition between the fire-place and the ash-pit, except 
where the fire-grate is situated, which is made of a sectorial form, and, conse- 
'f, quently, readily admits of being shifted into or out of its place ; and, in order 
that the air which is admitted into the ash-pit to promote the combustion of the 
fuel may not be diverted from its proper course, the rim of the circular plate is 
provided with a descending rim, which dips into an annular channel filled with 
water, forming what is called an hy'draulic joint. Mr. Hicks states in his speci- 
fication, that when the thermometer before-mentioned indicated a temperature 
of 280° Fahr., the «'ven is at a proper heat for baking, and that, during the 
process, a heat from 280° to 310° should be maintained ; and we know that at 
this temperature bread may be perfectly baked. Notwithstanding tWs cir- 
cumstance, we havt proved, experimentally, that the heat of ordinary 
bilker’s ovens is usually not less than 800° Fahr. at the time the first bread js 


put in ; but tlie rapidly cooliii" iiifiueiu-es it is afterwards subjected to, probably 
renders such a high temperature necessary at the commencement of baking by 
the ordinary process ; this apparently entails such a wasteful expenditure of 
fuel, that it is well desen ing of investigation which of the two modes of baking, 
that of a great heat at the commencement only, or that of a moderate heat 
continued throughout the process, is the best. It has been held, that the latter 
has the advantage of rendering the bread sweeter, by the vapour carrying off 
matters that are both unsavoury and prejudicial ; while the former, from the 
vapour being refined in the oven, infects the bread. But this opinion can 
have but a slight basis to rest upon ; a little reflection will show us that in 
Hicks’s oven, as in others of the same class, the vapour must pass off somehow, 
otherwise it would become dense, and acquire so much expansive force, at a 
temperature of 300°, as to burst open the oven. The elasticity of the vapour 
in it, like that of a common still, can, therefore, but little exceed the pressure 
of the atmosphere ; but this weak steam is highly heated by radiation from the 
top, sides, and bottom of the oven, and thus the baking is effected. Now, if we 
consider the mean heat of a common baker’s oven to be 450° (and we know it 
is not less), it is quite obvious that dense steam at a such temperature could not 
exist in a structure of the kind; nor, indeed, at a heat much above 212°. And 
as 212° is much below a baking temperature, by far the greater part of the 
vapourized water must escape, in the form of steam, through some chinks or fis- 
sures in the brickwork or door ; for if it did not, the density of the steam 
would, infallibly, soon blow open the oven. The baking is, in this case, as in 
the former, effected by means of weak steam, surcharged with heat, by radia- 
tion from the top of the oven, which must necessarily receive a higher tempe- 
rature, because it has, from its arched form, to operate at a greater distance from 
the bread, and has to suffer a continual 
abstraction without any fresh supply; 
hence arises the question, whether the 
loss of caloric, radiating from the arched 
top of the common brick oven, is greater 
in amount than, that which escapes unused 
by continuous heating at a lower tempera- 
ture. There are, however, other considera- 
tions which should enter into the inquiry, 
which we have not space to pursue farther, 
but must proceed to the next subject that 
presents itself to our attention. This is a 
domestic oven, which, we are informed, 
has been brought successfully into use in 
several families. The annexed figure gives 
a sectional view, the front of the oven 
being supposed to be removed to show the 
interior construction, a is the oven ; 6 1> 
the flue, which passes over the exterior 
surfaces of the sides, the back, and bottom 
of the oven ; c is the furnace ; d the ash-pit ; 
e the brick- work enclosing the oven. It is 
not intended that anything should be placed 
on the bottom of the oven. The shelves 
are not formed of iron plates, but consist 
each of two oblong trivets of wrought 
iron, placed side by side, a little distance 
apart from each other. The oven is sup- 
ported at the back by horizontal bars 
fixed in the brickwork at each corner. 

The front of the oven has three separate 
doors and frames ; one larger one for the 
oven j»rt, two smaller underneath for the 
furnace and the ash-pit. 



224 


OVENS. 


Notwitli.standing the commendation this oven has received, it appears to us 
to possess the common defect of the ordinary ovens attached to kitchen grates; 
that of communicating a scorching heat in one part of the bread, or other 
article, while the opposite side of it is comparatively cold, skilful operators 
may, by turning the bread frequently, and carefully regulating the temperature, 
bake tolerably ; but without some very active circulating intermedium, ordinary 
attention will not suffice to bake in a proper manner. How far these defects 
are obviated in a recent invention, denominated Hebert’s Patent Domestic Oven, 
the reader will determine. The object of the inventor has hpen to provide a 
very cheap and durable apparatus, capable alike of baking bread properly, and 
cooking other kinds of food ; they are made of various sizes, to adapt them to 
the wants of different individuals, and are rendered as portable as possible, to 
suit the requirements of the army and navy. We shall here add, by way of 
example, a description of the sm^est size, which we saw in the warehouse of 
the agents, Messrs. Donaldson and Glasgow, of Birmingham. 

Fig. 1 exhibits an external view of the whole apparatus ; the outside vessel 
h being simply a well-made cast-iron boiler, or pot, which, when used alone. 


Fig. 1 . 


Fig 2 . 



(that is, without the internal apparatus described underneath,) is applicable to 
all the various uses of other boilers, — but it possesses this further advantage, of 
having a strong double cased iron lid c, ground to fit so closely as to prevent 
the radiation of heat, and the escape of the rarefied steam, while it easily per- 
mits dense elastic vapour to pass off. The vessel is to be suspended over or in 
fi-ont of a fire, and in the case of the larger sizes, they may be conveniently 
set in brickwork, after the manner of common boilers. 

For the purpose of baking bread or pastry, the roasting of meat, steaming 
of potatoes and other vegetables, &c., there is placed inside the pot delineated 
<• in Fig. 1 a perforated vessel, shown in Fig. 2. This vessel is made of smooth 
cast-iron, and drilled with holes at the side and bottom ; and by means of little 
projecting studs, it is held steadily in the middle of tlie outer vessel, so as to 
leave a free space of about a quarter of an inch between both ; around which 
space there is constant circulation of extremely hot vapour, which operates 
upon every part of the bread or other material placed therein. To receive 
the latter, there is'’ a movable bottom, shown separately in the adjoining 
Fig. 3, which is removable at pleasure ; but it serves to correct the tendency 
of too much heat in /his part, when the oven is suspended over a strong fire. 
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it facilitates the discharge of the contents of the oven, 
and is easily kept perfectly clean. 

Inside of Fig. 2 there is also placed occasionally a 
connected series of shelves, or pans dd, which may 
either consist of two, as represented in the annexed 
Fig. 4, or of a greater number in the larger sizes. 

These are for the purpose of baking small bread, rolls, 
biscuits, tarts, &c. — the roasting of potatoes, for frying 
or stewing merfl, &c. — which may easily be withdrawn 
from the oven by means of the bail handle e, which is 
jointed so as to fall down on either side. 

A fifth appendage, for roasting meat, is also supplied. 

It consists, as represented in Fig. 5, of a circular drip- 
ping pan /, having an upright spit g in the centre, and 
a jointed bail handle for putting it in or taking it out of 
the oven. The pan serves equally well for broiling, 
frying, and other processes, which every cook will com- 
prehend without explanation. 

The patentee states, that, by the application of the 
several parts of this apparatus, either in their single 
state, or combined in the various ways explained, bread 
and all other kinds of food may be baked, roasted, 
boiled, stewed, or fried, with the utmost facility and 
economy ; the instructions for which are sent out with 
each of the ovens. 

OXALIC ACID. This acid, which abounds in 
wood sorrel, and which, combined with a small por- 
tion of potash, as it exists in that plant, has been 
sold under the name of salt of lemon, to be used as a substitute for the use of 
that fruit, particularly for discharging ink-spots and iron-moulds, was long sup- 
posed to be analogous to that of tartar. The oxalic acid is a good test for 
detecting lime, which it separates from all the other acids, unless they are 
present in excess. It has, likewise, a greater affinity for lime than for any of 
the other bases, and forms with it a pulverulent insoluble salt, not decomposable 
except by fire, and turning syrup of violets green. Some fatal accidents have 
occurred from persons mistaking this salt for Epsom salts; two or three drachms 
of the oxalic acid acting as a violent poison. 

OXlD.kTION. The process of converting metals or other substances into 
oxides, by uniting them with a certain proportion of oxygen. 

OXIDES. Substances combined with oxygen without being in the state of 
an acid. There are several oxides of the same substances, differing in the pro- 
portion of oxygen they contain. When a substance combines with only one 
proportion of oxygen, it is termed the protoxide ; with two proportions of 
oxygen, it forms the deutoxide or binoxide ; with three, the tritoxide or ter- 
oxide ; and with four, the peroxide. 

OXYGEN, which, uncombined, is known only as a gaseous substance, was 
discovered by Dr. Priestley, in 1774. It has been called dephlogisticated air, 
empyreal air, and vital air. The term oxygen was given on the supposition 
that it was the sole cause of acidity. This substance is highly important in the 
economy of nature, as it forms about a fifth part of our atmosphere, and is ^ 
abundantly contained in water, acids, salts, and oxides. » 

Oxygen gas may be obtained from a variety of sources. The peroxide of 
manganese, of lead and mercury, also nitre and chlorate of potash, yield large 
quantities when exposed to a red heat. The substances most commonly em- 
ployed to procure it, are nitre, peroxide of manganese, and chlorate ot potash. 

If nitrate of potash be exposed to a red heat in a coated glass or earthen retort, 
or in a gun barrel, a quantity of o.xygen gas, (about 12(W cubic inches from a 
pound of nitre,) will be given off, but this is liable, particidarly towards the end * 
of thS process, to be contaminated with nitrogen. From^the peroxide of man- 
ganese, the gas may be obtained either by heating the substance red hot it^ a 
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gun barrel, or by putting it in the state of a fine powder into a flask, with about 
an equal weight of concentrated sulphuric acid, and heating the mixture by 
means of a lamp. In the dry way, one ounce of peroxide of manganese should 
yield about 128 cubic inches of oxygen. The gas procured in thfi way is suffi- 
ciently good for ordinary piuqtoses, but when required of great purity, it is better 
obtained from chlorate of potash. For this purpose the salt is to he put into 
a green glass retort, and heated to redness. It first liquefies, and then on 
increase of heat, is wholly resolved into pure oxygen gas, which escapes with 
effervescence, and into a white compound called chloride of potfssium, which is 
left in the retort. 

Oxygen gas is a little heavier than atmospheric air. Its specific gravity is 
l.lll ; one hundred cubic inches weighing 34.454 grains. It is sparingly 
absorbed by water, 100 cubic inches dissolving only 3 or 4 of the gas ; but under 
great pressure it may be made to take up half its bulk. It has neither acid 
nor alkaline properties, for it does not change the colour of vegetable blues, nor 
does it evince any tendency to unite with acids or alkalies. It has neither smell 
nor taste. It refracts light feebly, and is a non-conductor of electricity. It is 
the most perfect negative electric we possess, always appearing at the positive 
pole when any compound containing it is submitted to galvanism. It is essen- 
tial to the support of animal life ; an animal will live in it a considerable time 
longer than in atmospheric air ; but its respiration becomes bunded and laborious 
Before the gas is consumed, and it dies, though another animal of the same 
kind can sustain life for a certain time in the residuary air. When suddenly 
compressed, it has been seen to emit light and heat, but this is said to arise from 
the combustion of the oil with which the tube is lubricated. It has a very 
powerful attraction for most simple substances, and there is not one of them 
with which it may not be made to combine. Any inflammable substance pre- 
viously kindled and introduced into it, bums rapidly and vividly. If an iron 
or copper wire be introduced into a bottle of oxygen gas, with a bit of lighted 
touchwood or charcoal at the end, it will bum with a bright light, and throw 
out a number of sparks. The bottom of the bottle should be covered with 
sand, that the sparks may not crack it. If the wire, coiled up in a spiral, like a 
corkscrew, as it usually is in this experiment, be moved with a jerk at the 
instant a melted globule is about to fall, so as to throw it against the side of the 
glass, it will melt its way through in an instant, or if the jerk he less violent, 
lodge itself in the substance of the glass. If it be performed in a bell glass, 
set in a plate filled with water, the globules will frequently fuse the vitreous 
glazing of the plate, and unite with it so as not to be separable without detach- 
ing the glaze, though it may have passed through, perhaps, two inches of 
water. 

All substances that are capable of burning in the open air burn with far 
greater brilliancy in oxygen gas. A piece of wood, on which the least spark of 
light is visible, bursts into flame the moment it is put into a jar of oxygen ; 
lighted charcoal emits beautiful scintillations ; and phosphorus burns with so 
powerful a light, that the eye cannot bear its impression. The act of com- 
bining with oxygen is called oxidation, and bodies which have united with it 
are said to be oxidized. The compounds so formed, are divided into acids and 
oxides. The former includes those compounds which possess the general pro- 
perties of acid#, and the latter comprehend those which not only want that 
character, but of which many are highly alkaline, and yield salts by uniting 
with acids. Oxidation is sometimes produced with great rapidity, and with 
evolution of heat and light. Ordinary combustion is nothing m.ore than a 
rapid oxidation, and all inflammable or combustible substances derive their 
power of burning in the open air from their affinity for oxygen. On other 
occasions it takes place slowly, and without any appearance of heat and light, 
as is exemplified by the rusting of iron when exposed to a moist atmosphere. 

OXYGEN.ITIOI^ Similar in meaning to oxidation, but of more general 
application. It signifies the iiniting of oxygen to various substances, whether 
the result be an oxide acid, or alkali. * 

jOXk MEL, A compound of honey and vinegar. 
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PAINTING, House. The art of covering with various suitable pigments 
the wood-work, plaster walls and ceilings, iron work, &c., of the interior and 
exterior of houses. It may he divided into three separate' branches, viz. — 
plain painting^graining, and ornamental painting. 

The material chiefly employed in plain painting is white lead. It is a car- 
bonate of lead produced by the action of the vapour of vinegar on sheet lead ; 
and, when ground up with linseed oil, forms the common white lead paint of 
commerce. See Cerdse. It is improved by being kept for several years. To 
produce the diflferent tints, various colours are added to the white lead base, in 
quantity according to the intensity of the tint desired, amounting, sometimes, 
to an exclusion of the white lead in the upper or finishing coats. The follow- 
ing are the colours generally used by the house painter : — 


White. 

White lead. 
Nottingham white. 
Flake wliite. 

Black. 

Ivory black. 

Lamp black. 

Blue black. 

Patent black. 

Yellows. 

Chrome yellow. 
King’s yellow. 
Naples yellow. 
Yeflow ochre. 

Raw sienna. 
Yellow lake. 

Browns. 

Burnt umber. 

Raw umber. 
Vandyke brown. 
Purple brown. 


Spanish brown. 
York brown. 

Reds. 

Vermilion. 
Scarlet lake. 
Crimson lake. 
Indian red. 
Venetian red. 
Red lead. 

Orange lead. 
Burnt ochre. 
Burnt sienna. 

Greens. 

Brunswick green. 
Emerald green. 
Verdigris. 

Blues. 

Prussian blue. 
Indigo. 

Cobalt. 

Ultramarine. 


To bring these colours to a state fit for use, they are ground up with a small 
quantity of oil ; but for painting in distemper, the colours must be ground up in 
water. Linseed oil is that which is in general use, and is quite sufficient for 
the purpose of the plain painter, especially when improved by being kept for 
several years, as it then loses a great part of its colour. If is obtained by 
pressure from the seed of flax. In very rare instances, where the least yellow- . 
ness in the oil would he injurious, nut or poppy oil may be used with* 
advantage. 

Spirits of turpentine is largely employed in painting ; it is obtained by distil- 
lation from crude tiTrpentine, which is procured from the larch and fir-trees : 
being of a volatile nature, it is used by the painter to produce what is called a 
flat ; it evaporates, and leaves the paint without the least shine. It is also 
employed in those situations where oil would not dry, as m the first coat on old , 
work, which is likely to be a little greasy from smoke, &.'c. 

To*l lastcn the drying ot paints, dryers are generally U'^ed. Those most in use 
are sugar of lead, litharge, and white copperas. These, when well ground, 3nd 
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mixed in small portions with paint, very much assist them in drying ; indeed, 
some colours will not dry without them. Red lead is also an excellent dryer ; 
and in cases where its colour is not objectionable, is much used. Sugar of lead 
is, however, the best dryer, though somewhat more expensive than the others. 
It should be observed, that, in the finishing coats of delicate colours, dryers are 
generally avoided, as they have a slight tendency to injure the colour. Linseed 
oil has sometimes a drying quality given to it by boiling with drying substances, 
which renders it extremely useful on some occasions. A very good drying oil 
is made by boiling one gallon of linseed oil with a quarter *f a pound of 
litharge, or red lead, reduced to a fine powder. It must be kept slightly boiling 
for about two hours, or until it ceases to throw up any scum ; when cold, the 
clear oil must be poured ofij and kept for use. 

The tools and apparatus employed by the plain painter are not very 
numerous ; we shall mention the principal of them. The first in order is the 
grindstone and muller. This is an apparatus necessary to every painter, as the 
purity of the colours sold ready ground at the shops is not to be depended 
upon ; and some colours, as lakes and Prussian blue, will not keep long after 
grinding. The grindstone is a slab of porphyry marble or granite, about two feet 
square ; the chief requisite is, that it be hard, and close-grained. 

The muller is a hard and conical-formed stone, the diameter of the base or 
rubbing surface of which should be about one-sixth of that of the grindstone, 
and the cone high enough to get a sufficient hold of it with the hands. The 
face of both grindstones and muller should be perfectly flat and smooth. A 
large palette knife is used to gather the colour from the stone as soon as it is 
sufficiently ground. 

The palette is a small thin board, of an oval shape, having a hole in it for the 
thumb to pass through ; it is used chiefly in ornament^ painting, and for 
mixing up small portions of colour on. With this is employed the palette knife, 
for mixing up colours on the palette : it has a long, thin, and elastic blade, 
rounded at the extremity. 

The most important of the painter’s tools are the brushes : these are of all 
sizes, both round and flat, and are made chiefly of hog’s-hair. The large round 
brush called the pound brush, and a smaller one called the tool, are those 
mostly used in plain woik. The smallest hog’s-hair brushes are called fitches, 
and are used for putting in small work where the tool would be too large. The 
pound brush is used as a duster for some time previous to putting it into colour, 
whereby it is rendered much softer. The smallest brushes are tlie camel-hair 
pencils, with long or short hair, according to the work to be done. The variety 
of brushes used in graining will be spoken of when we come to that division of 
the subject. 

The stopping-knife has a shorter blade than the palette-knife, and is pointed. 
It is used for making good the holes and cracks with putty. 

Putty is made of common whiting, pounded fine, and well kneaded with lin- 
seed oil, till it becomes about the consistence of stiff dough. 

Grinding colours . — All substances employed for painting in oil require to be 
ground up with a small portion of the oil previous to mixing them with the 
whole quantity required for use ; for this purpose, they must first be poimded, 
and passed through a tolerably fine sieve, then mixed with a portion of linseed 
oil, just sufficiant to saturate them ; a quantity, about the size of a small 
^ egg, is to be taken on the point of the palette-knife, and placed on the stone ; 
'«fhe muller is then placed upon it, and moved round about, or to and fro in all 
directions, bearing a little weight on it at the same time. This should be con- 
tinued until it is ground perfectly fine, having the consistence and smoothness 
of butter. The colour must be occasionally trimmed from the edges of the 
stone and muller with the palette-knife, and put under the muller in the 
middle of the stone. When sufficiently ground, it is removed from the stone 
with the palette-knife, %nd a fresh quantity taken. It is not well to have much 
colour on the stone at one time ; it makes it more laborious, and will take a 
longer time to grind t^e same quantity equally w-ell. * 

4/L ing colours for painting . — Before the colours which have been ground can 
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be applied to the work, they must be rendered fluid by the addition of linseed 
oil, or spirits of turpentine, or certain proportions of both. When a tinted 
colour is required to be mixed up, a small quantity of the proper tint should be 
first prepared on the palette, which will serve as a guide to mix the whole 
quantity by. With the ground white lead there should first be well mixed a 
portion of oil, and then the tinting colour should be added, as ascertained by the 
pattern on the palette. When these are thoroughly mixed and matched to the 
proper tint, the remaining portion of the oil or tui'pentine is to be added ; this 
is better than pitting in all the oil at once : it should then be strained through a 
piece of fine canvass, or a fine sieve, and should be about the consistence of cream, 
or just so as to work easily. If it is too thick, the work will have an uneven, 
cloudy appearance, and it wiU be hard to spread ; while, if it be too thin, it 
will be likely to run, or will require a greater number of coats to cover the 
ground, and render the work solid. The straining ought not to be neglected 
where the appearance of the work is studied. 

Preparing work for, and manner of proceeding with, the painting. New work . — 
Clean the work, carefully removing all projections, such as glue, or whiting spots ; 
this is easily done with the stopping knife and duster ; then cover over the knots 
with a composition of red lead, called knotting. The red lead has the property 
of drying very hard ; and if it was not used, the paint would not dry on the 
knots, and they would show through every coat. If the knots are very bad, they 
must be cut out. After knotting comes the priming, or first coat of paint. 
When the priming is quite dry, all nail-holes, cracks, and defects, are to be 
made good with putty ; then proceed to the next coat, called the second colour ; 
when this is dry, those places are to be stopped which were omitted in the last 
coat ; and proceed according to the number of coats intended to be given. It 
should be observed that second colour for new work is made up chiefly with oil, 
as it best stops the suction of the wood: but second colour for old work is 
made up chiefly with turpentine, because oil colour would not dry or adhere to 
it so well. The colour should be spread on as evenly as possible j and to efiect 
this, as soon as the whole, or a convenient quantity, is covered, the brush should 
be passed over it in a direction contrary to that in which it is finally to be laid 
off ; this is called crossing : after crossing, it should be laid off softly and care- 
fully, in a direction contrary to the crossing, but with the grain of the wood, 
taking care that none of the crossed brush marks be left visible. The criterion 
of good workmanship is, that the paint be laid evenly, and the brush marks be 
not observed. In laying off, the brush should be laid into that portion of the 
work already done, that the joining may not be perceived. Every coat should 
be perfectly dry, and all dust carefully removed, before the succeeding one is 
laid over it. 

Old work . — Carefully remove all dirt and extraneous matter with the stopping 
knife and duster ; those places near the eye should be rubbed with pumice- 
stone, and greasy places should be well rubbed with turpentine. Bring forward 
new patches and decayed parts with a coat of priming ; stop and make good 
with putty, then proceed with the first coat, or second colour, in turpentine. 
The quality of the next coat will depend upon the manner in which it is to be 
finished. If it is to be painted twice in oil, and flatted, the next coat, or third 
colour, should be mixed up chiefly in oil, and tinted like the finishing colour, 
to form a ground for the flatting. Tlie greater the shine of the ground, the 
more dead will the finishing coat or flatting be ; likewise, the more dead the 
ground, the better will the finishing oil shine; therefore, it is a general rule that 
for finishing in oil the under coat should be turpentine, and for finishing flat, 
the under coat, or ground colour, should be oil ; but observe, that all turpentine 
under coats have a little oil with them, and all oil under coats, except the 
priming or first coat on new work, have a little turpentine with them. 

Knotting is made with red lead, carefully ground, and thinned with boiled 
oil and a little turpentine. For inside work, red lead, carefully ground in water, 
and mixed up with double size, is a good substitute, and is generally used : it 
must l»e used hot. 

Priming for new work.- — This is made of white lead wifli dryers, and a little 
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led lead to harden it, and further to assist its drying ; it is thinned entirely with 
oil, and should he made very thin, as the new wood, or plaster, sucks it in very 
fast. It is a frequent practice with painters to save the oil coats by giving the 
new work a coat of size, or size and water, with a little whiting, called clear- 
cole ; but where durability is consulted, this should not be done. The size stops 
the suction of the wood or plaster, but, at the same time, it prevents the oil 
paint from adhering to the work ; the consequence is, that it is apt to peel or 
chip off, especially in damp places. Clearcole is sometimes advantageously used 
on old greasy work, on which oil paint would not dry. . < 

Second colour for new work, or oil second colour. — This is white lead thinned 
with oil and a little turpentine, with suitable dryers. The proportion of drj'ers 
for ordinary cases is about one ounce and a half to ten pounds of white lead ; 
but in winter, or under other unfavourable circumstances, the quantity of dryers 
must be increased. 

Second colour for old work, or turpentine second colour. — This is white lead 
thinned with about three parts of turpentine, and one of oil, also a little 
dryers. Where much turpentine is used, less dryers is required. 

Turpentine colour. — ^This is only used when the work is to be finished in oil ; 
that is, left shining. It is thinned almost entirely with turpentine, that the 
finishing coat may have a better gloss. 

Third, or ground colour, is thinned with two-thirds oil and one-third turpen- 
tine, and tinted a shade darker than the finishing colour. 

Finishing oil colour is thinned with a little more oil than turpentine, and 
tinted to tbe desired colour. 

Flatting, or finishing turpentine colour, is thinned entirely with turpentine, 
and has no shine. 

A bastard flat is thinned with turpentine and a little oil, which renders it 
more durable than the perfect flatting. To procure a good flat, it is necessary to 
have a perfectly even glossy ground, and it should be of the same tint, but a 
little darker than the finishing flat. 

For clearcole and finish. — Stop defects with putty, clearcole, and finish with 
oil-finishing colour, as directed. 

For two coats in oil. — Turpentine second colour, and finishing oil colour. 

For two coats in oil and flat. — Turpentine second colour ; third colour, 
and flat. 

For three coats in oU. — Turpentine second colour ; turpentine colour ; and 
finishing oil colour. 

For three coats in oil and flat (old work). — Turpentine second colour ; tiupen- 
tine colour ; third, or ground colour ; and flatting. 

For four coats in oil (new work). — Oil priming ; oil second colour ; turpen- 
tine colour; and oil finishing colour. 

For four' coats in oil and flat (new work). — Oil priming; oil second colour; 
turpentine colour ; third or ground colour ; and flatting. 

Tinted Colours. — Stone colour. — White lead, with a little burnt or raw 
umber, and yellow ochre. 

Gray stone colour. — White lead, and a little black. 

Drab. — White lead, with burnt umber and a little yellow ochre for a warm 
tint, and with raw umber and a little black for a green tint. 

Pearl colour^ or pearl grey. — White lead with black, and a little Prussian 
blue. 

Sky blue. — White lead, with Prussian blue. 

French grey. — White lead, with Prussian blue, and a little lake. These last, 
used in various proportions, will make purples and lilacs of all shades. 

Fawn colour. — White lead, with stone ochre, and a little vermilion or burnt 
stone ochre. 

Puff. — White lead and yellow ochre. 

Cream colour. — Sajie as the last, with more white. 

Lemon colour. — White lead, with chrome yellow. 

Orange colour. — Orange lead, or chrome yellow and vermilion. c 
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Peach colour. — White lead, with either vermilion, Indian red, purple brown, 
or burnt stone ochre. 

Gold colour. — Chrome yellow, with a little vermilion and white. 

Violet colour. — White lead, mth vermilion, blue and black. 

Sage green. — Prussian blue, raw umber, and j'^ellow stone ochre, with a little 
white, and thinned with boiled oil and a little turpentine. 

Olive green. — Raw umber, with Prussian blue, thinned as before. 

Pea green. — White lead, with Brunswick green, or with Prussian blue and 
chrome yellow. * 

Chocolate colour. — Spanish brown, or Venetian red and black, thinned with 
boiled oil and a little turpentine. 

Lead colour. — White lead and black. 

Plain opaque oah colour. — White lead, with yellow ochre and burnt umber. 

Plain opaque mahogany eolour. — Purple brown, or V enetian red, with a little 
black. 

Black should be ground in boiled oil, and thinned with boiled oil and a little 
turpentine. 

It will be obvious that the proportions of the colours above mentioned must 
be determined by the particular tone of colour required. 

Distempering. — The principal difference between oil and distemper painting 
is, that in the latter the colours are ground in water, and diluted with size. It 
is much less durable than oil painting, but is cheaper, and is not attended with 
much smell : it will not bear washing. Ceilings are generally distempered, and 
walls very frequently. There are several colours used for distempering that will 
not do for oil, as it would change them. The principal are, — common spruce 
ochre, common indigo, rose pink, brown pink, blue verditer, green verditer, 
mineral green, and Saxon green. Whiting is the substance mostly used in dis- 
tempering. It should be broken and thrown into a vessel of clean water, and 
left to some for a short time without stirring it — half an hour is sufficient ; the 
surplus water is then poured off from the top, leaving only the softened whiting, 
which should then be stirred, to ascertain that there be no lumps in it. To this 
is added hot durable size, in the proportion of one pound of size to three 
pounds of whiting ; it is then to be well stirred, and left to chill or congeal in 
a cool place. In summer weather it should stand over night, when, if it is like 
a weak jelly, it is fit for use. If it is to be a tinted colour, the colouring sub- 
stance should be added to the whiting previous to the size being mi.xed with it. 
Distemper colours dry much lighter than they appear when first laid on ; con- 
sequently, it is better, before mixing the size with them, to colour a slip of paper 
and dry it, to ascertain if it is of the desired tint. In distempering old walls 
or ceilings, it is necessary that the old distemper be first washed off with an old 
brush and plenty of water. The holes, cracks, and damaged places, should be 
made good with plaster of Paris, or distemper putty, made of powdered whiting 
and double size. They should then have a coat of clearcole made by adding a 
little more size and water to the finishing colour, and using it warm. When this 
is dry, the finishing colour may be laid on. For new walls, it is only necessary 
to clearcole and finish. 

Graining. — Graining comprises the imitating of woods and marbles ; the 
latter is distinguished by the term marbling ; it is strictly an imitative art, and 
demands in its execution considerable judgment and good tasje, united to a 
close observation of the peculiar characters of the different woods and marbles 
to be represented. It is usually done on ground prepared for the purpose, the 
colour of which is varied according to the kind of wood or marble to be 
imitated ; but as the manner of proceeding in imitating woods differs from that 
in the case of marbles, they will be noticed separately, beinning with — 

Graining in imitation of woods. — ^The first thing to be attended to is the 
ground ; and, although generally laid on by the plain painter, it should receive 
die particular attention of the grainer, for on the eolour «f the ground greatly 
depends the excellence of the imitation. The ground should be chosen of the 
same Colour, but a little lighter, than the lightest parts of the wood to be 
imitated, sufficient allowance being made for the varnisil afterwards to come 
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upon it. Repeated trials on small patterns is, however, the best, and, indeed, 
the only safe way of arriving at the tint proper for the ground. The ground 
may either be mixed up, just as in finishing-oil colour, or it may he a bastard 
flat ; and it should be very carefully prepared, as the shine of the varnish will 
cause the rough or uneven places to be detected. The pigments employed for 
graining are distinguished by the painter as transparent colours ; those mostly 
used are raw upiber, burnt umber, raw sienna, burnt sienna, Vandyke brown, 
burnt ochre, and lake ; these, with the occasional assistance of small portions 
of the opaque, or imperfectly transparent colours, — ivory blaik, Prussian blue, 
or indigo, and purple brown, or Indian red, will be sufficient to match the 
colour of any of the woods usually imitated. These pigments were, until within 
these last few years, worked in oil and spirits of turpentine; but, in consequence 
of the much greater facility found to be afforded by the use of water or distemper 
colours, oil is now seldom or never used, except for wainscot or oak graining, 
which is fi-equently done in oil. The tools employed in graining are round and 
flattened hog-hair brushes, of various sizes ; the round ones are used chiefly 
for laying on the colour. Occasionally, as in very large pieces of work, large 
brushes of any convenient form are employed for that purpose. Of the flat 
brushes, there are cutters of various sizes, from two and a half inches to half an 
inch wide; these are made of camel’s hair, having the ends or points of the 
hairs cut off square, to within about three-eighths of an inch from the ferrule ; 
the edges should be very sharp and straight ; they are used for producing the 
mottled appearance, as in mahogany and satin-wood. Flat hog-hair brushes, of 
various sizes, from six, or even twelve Inches, to one and a half inches wide ; 
these are used chiefly for graining wainscot in distemper. Flat hog-hair 
brushes, but of a much thinner description than the last-mentioned, are used 
for putting on the second grain, and for other purposes. Badger-hair tools, or 
softeners, of several sizes ; this tool is one of the most necessary kind, and it is 
employed to soften the work put in with the other tools. Cross-banders, of 
several sizes, from one and a half inch wide and upwards; they are flat hog- 
hair brushes, having their ends cut off to within about an inch of the ferrule ; 
they should be very carefuUy made, and of the best hair ; every bristle should 
lay straight and even, and, when cut, should have a stra%ht, unbroken edge, 
similar to the cutter. We shall describe the use of this tool when speaking of 
the particular woods in which it is employed. These, with camel and hog-hair 
pencils, sponges, and pieces of wash-leather, are sufficient to imitate any of the 
woods except wainscot in oil, which requires a particular tool, which will be 
noticed presently. The woods generally imitated are the following : — oak, 
(dark oak,) wainscot, or light oak, pollard oak, mahogany, rose-wood, maple- 
wood, satin-wood, amboyna, zebra-wood, and yew. The general instructions 
given for imitating these will suffice for any other fancy woods. Wainscot, or 
light oak, although the most common, is perhaps the most difficult to produce 
a good imitation of : it is done either in oil or distemper. The manner of pro- 
ceeding in oil will be first described. 

Wainscot in oil. — The effect of the grain in this wood is produced by the horn 
graining-tool, which very much resembles a comb, but the teeth are not pointed. 
The teeth of the graining-tool are of equal dimensions from the root to the 
extremity, which is square, and the interstices between them are as small as 
they can be cqjt. The principal colour used is burnt umber ; this, with a little 

touch of black and purple brown, makes an excellent wainscot colour or a 

little raw sienna may be used with it. This colour must be tempered with a 
peculiar vehicle called graining oil, which is made by dissolving two ounces of 
bees’-wax in as much turpentine as will just cover it, and make it easy to dis- 
solve, and by adding one pint of boiled oil, stirring it well while mixing. When 
it is cold it will be of the consistence of soft honey, and will, when to be used 
require the addition of a little boiled oil and turpentine : a small quantity of 
colour is sufiicient to -tain a large quantity of oil. The graining colour is to be 
Ik and very bare, lire brush marks, if not pounced out with 

^ end of the brush or duster, must lie in the direction of the grain of the tvood. 

1 ne horn graining-tool is then to be passed over it, to imitate the grain ; it 
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should be held in a slightly inclined position, and drawn along with a small 
waving motion, with a little pressure, passing twice over every part of the work. 
The veins are then to be put in, or rather wiped off, which is best done with a 
piece of cotton stocking, or wash leather, wrapped over the thumb nail. The 
veining is the most difficult part of it; and any directions that might be given, 
other than to observe nature closely, would be quite unavailing ; nothing but a 
close observation of the peculiar character of the veins displayed in nature, 
with consideraljfe practice, will enable any person to do it, even tolerably. As 
soon as it is dry, thp dark shades observed in the wood are to be put in : for 
this purpose a little turpentine, stained with burnt umber, ground in oil, is suf- 
ficient; also the dark veins are sometimes put in with a hair pencil, and a little 
burnt umber and burnt ochre, diluted with turpentine. When quite dry, it may 
be varnished, and is then finished. 

Waimcot in distemper . — Raw umber alone is a very good colour for this, or a 
little burnt umber may be added to it, to make a warmer tint. The fluid used 
for this and all other distemper graining must be such as will so bind on the 
colour, that the varnishing may not bring it off; small beer is the best, or, if 
it cannot be conveniently procured, stronger beer diluted with water may do, 
but there is nothing so good as stale, common table-beer. It is only necessary 
to mix the beer with the colour after it has been carefully ground in water, and 
it is then fit for use. Sometimes the colour will not lay on the ground ; it is 
then said to ciss ; this may be remedied by wetting the work all over with a 
sponge and water, and drying it with a wash-leather. Only so much should 
be begun at one time as can Be finished before it gets dry, which it will do in 
a few minutes, according to the weather. The colour should be laid on as 
evenly and as quickly as possible, with a suitable brush, and then the flat hog’s- 
hair brush must be drawn over it, in a straight line, and in the direction of the 
intended grain ; this will leave it streaky : it is then to be carefully pounced or 
patted with the flat side of the same brush, making the head of the brush 
advance before the hand, and in the direction of the grain. This will make a 
very excellent imitation of the grain of oak, if it be well managed. The veins 
are to be wiped out with a piece of wet wash-leather, wrapped over the thumb 
nail. When this is drj', the shades may be strengthened by passing very 
lightly over it with weaker colour. Great care should be taken that it is quite 
drj’ before the varnish is laid on : it is not safe to varnish it in damp weather 
without fire being near it ; but if it will bear the finger passing over it, it is dry 
enough. 

Pollard oak . — Either burnt umber or Vandyke brown makes an excellent 
pollard oak colour. The colour, in this case, unlike wainscot, should be laid 
on unevenly, or darker in some places than in others, after the character of the 
wood ; a coarse sponge, moistened, and assisted by the cutter, produces the effect 
very well. When the masses of coloiu" are properly disposed with the sponge 
and cutter, it must be softened off with the badger-hair tool, and the knots put 
in with the end of a hog-hair fitch, by holding the handle between the thumb 
and fore-finger, and twisting it round ; these knots may afterwards be assisted 
with a camel-hair pencil. A few small veins are frequently found in pollard 
oak; these may be wiped off in the same manner as for wainscot. When this 
is dry, the second or upper grain may be put on ; this grain occurs in almost 
all the woods except oak and rose-wood ; indeed, it is the propSr grain of the 
wood, with the above exceptions. Some of the first colour diluted will do for 
this second grain. To put on this grain, the thin, flat hog-hair brush should be 
dipped into the colour, and the hairs must be combed out to straighten and 
separate them. As soon as the grain is put on, the softener should be passed 
lightly across the grain, in one direction only ; this will make one edge of the 
grain soft and the other sharp, as it occurs in the wood. When the second 
grain is dry, it may be varnished. 

All the other woods are done in a similar manner. Tf?e particular character 
and colour of the shades and grain of the wood must be carefully noticed, and 
those tools which will produce the effect most convenieiatly must be selected ; 
for example, the thinnest fiat hog's-hair brush will best produce the effect Mf 
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the grain in rose-wood ; the cutter will best produce the effect of the shades in 
mahogany and satin-wood ; the sponge and cutter in pollard oak. Plain 
mahogany may be very well imitated by properly disposing the shades with 
the common round tool, with which the colour is laid on, and then passing the 
badger-hair softener over it in a direction across the stripes. When this is dry, 
the second grain may be put on, as directed for pollard oak. Burnt umber and 
burnt sienna make a good mahogany colour. 

Marhling . — Marbles are generally imitated with oil colours, ajd those colours 
are mostly opaque, as for this purpose it is not at all neecssary that they be 
transparent. The manner of proceeding with the different marbles will not be 
detailed, but a few general instructions applicable to all of them will be given. 
The tools for imitating marble are less varied than those for imitating wood. A 
palette and palette knife, with numerous small sized hog-hair brushes and 
camel-hair pencils, and a duster, or worn badger-hair softener, are all that is 
necessary for imitating any of the marbles. The ground is to be chosen of that 
colour which is most predominant in the marble to be imitated ; for example, 
in black and gold marble, the ground is black j in veined, it is white ; in sienna, 
it is cream colour ; and in dove marble, the ground is of a dark pearl colour. 
In proceeding to the imitation, the necessary colours are to be taken on the 
palette, and mixed up to match the tints in the marble to be imitated. In 
mixing, they must be slightly tempered with oil, and further tempered with tur- 
pentine for use ; and they should not be laid on thicker than is necessary to 
produce the proper effect. The softer shades are first to be put in, blending the 
different colours, as may be, in the marble. As soon as they are put in a proper 
form, they are to be softened by bnishing lightly over with a clean duster, or 
old badger-hair softener; but in some marbles there requires to be no 
softening : of course, when the shades or veins are sharp and hard, they must 
not be softened. The softer veins may be next put in, while the soft shades or 
ground-work is yet wet. As soon as this ground-work is dry, the shades may 
be heightened, and the strong and sharp veins put in. In putting in the soft 
shades or ground-work, care must be taken not to mix the colours together, so as 
to give the work a muddy appearance ; and the colours should be used as thin 
as will make the work sufficiently solid, or it will look uneven when varnished. 

Ornamental Painting . — This chiefly consists in painting scrolls, figures, or 
other enrichments on plain work, so as to give them the appearance of relief or 
projection ; it is most commonly done in the comers and margins of panels. 
The ornaments or eiuichments to be painted are usually sketched on paper, 
and the outlines are then pricked through with a needle point. This paper is 
to be laid on the wall or work on which the ornament is to be painted, and 
pounced over with a charcoal pounce-bag ; the charcoal dust, passing through 
the small holes in the paper, will leave a faint tracing of the outline of the 
ornament on the work, and serves as a guide to paint it by. The bmshes used 
arc camel or sable-hair pencils, with long hair ; and a rest-stick is held in the 
left hand, to steady the right hand by ; also a palette, to work the colour from, 
the same as is used by artists generally. If the 'colour of the ornament is to 
differ from that of the ground on which it is painted, the pounced outline should 
first be filled up, and, when that is dry, the shades put in ; but when the orna- 
ment is to be of the same colour as the ground, it wiU only be necessary to put 
in the shades, by the assistance of the pounced outline. As soon as the first 
shades are diy they may be heightened, and a stronger relief given to the 
ornament. 

PALETTE. A small tablet, usually of ivory or wood, upon which painters 
lay small portions of the several pigments or tints they have occasion for in 
their work. Instead of a handle, it has a hole cut near the side, for the thumb 
of the left hand to pass through in holding it. 

The terra palette is ,^lso given by potters to the wooden instrument which they 
use to beat and shape out their work. Palette is a term also given to little levers 
employed in clock and watch work (see Horology) ; it is likewise appliqjl to a 
®°ntrivancts in mechanism, somewhat resembling in their action 
the little organ called by that name in the human mouth. 
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PALETTE KNIFE. A long knife with a vei^ thm well-tempered steel 
blade, used by artists for mixing colours, or for rubbing down such as have been 
previously ground, on the palette. They are mounted in wood or ivory handles, 
according to the fancy of the user. 

PALLADIUM. The name given to a metal discovered in 1803, by Sir H. 
Davy, associated with platina, among the grains of which he supposed the ore 
to exist, or an alloy of it, with irridium and osmium, scarcely distinguishable 
from the crude ]jjatina, though it is harder and heavier. The pure metal also 
very nearly resembles platina, and it takes as high a polish. It is ductile, very 
malleable, and, when reduced into thin plates, flexible, hut not very elastic. It 
is harder and heavier than iron ; its specific gravity is from 10.9 to 11.8. 

PAPER. Thin leaves or sheets, fabricated of fibrous materials, and adapted 
to write or draw upon, as well as for numerous other purposes. Paper is an 
article of such immense importance in the commercial world, and of such 
general and extensive utility, that it will be well to give, in this place, a brief 
description of the several kinds manufactured in this country ; for this purpose, 
we shall divide them into three classes, viz.; — ^Writing Papers, Printing Papers, 
and Wrapping or Packing Papers, with a short notice of several miscellaneous 
kinds, not included under either of these heads. 

Writing Papers are a very numerous class, including all those that are used 
for writing or drawing purposes. Writing papers are called either laid or wove, 
according to the description of mould upon which they have been made. Laid 
papers are distinguished by their retaining the wire-marks, in long parallel lines, 
crossed at intervals by other stronger lines, as shown 
in the accompanying sketch. Wove papers, on the 
contrary, bear no impression of the wires, the mould 
used for their manufacture being made of very fine 
copper wire, woven in a manner similar to linen — 
whence the derivation of the term wove. Writing 
papers are made of two different colours, blue and 
yellow. The yellow cast is the natural colour of the 
rag, heightened as much as possible by skilful 
bleaching. The blue cast is obtained by adding 
smalt (the powder blue of commerce,) to the 
pulp, while in the vat. In all blue cast papers a 
considerable differeuce of colour exists between the 
two sides of a sheet, from the smalt, which is a heavy material, falling to the 
side of the sheet next to the mould : the under side, therefore, is always the 
bluest when the paper is finished. 

Laid paper is mostly of the blue cast ; wove papers are made of both kinds. 
Drawing papers, which are included in this class, are always made of the 
yellow cast, on wove moulds ; and writing papers, (emphatically so called from 
demy upwards,) are always made of the blue cast, on laid moulds. In de- 
scribing any of the numerous varieties of post, copy, foolscap, or pott papers, the 
distinguishing term, laid, yellow-wove, or blue-wove, is always necessary to be 
used ; but in all papers from demy upwards, wove and drawing, or laid and 
writing, are synonymous terms ; where no distinguishing term is used, laid is 
always understood to be meant. At the paper-mill, all kinds of paper are put 
up in certain parcels, called reams ; a ream of paper consists oj twenty quires, 
viz., eighteen quires of twenty-four perfect sheets, and two quires of twenty 
sheets each, defective paper, one of which is placed at the top, the other at the ^ 
bottom of the ream, to preserve the perfect or inside paper from string-marks, 
and other injuries, to which, but for this precaution, it would be liable. If the 
two outside quires are replaced by two perfect quires, the ream is stated to be 
all insides, and the original value is increased five per cent. A printer’s ream 
consists of twenty-one and a half unbroken quires, of twenty-four sheets each, 
and is called a perfect ream ; the perfecting, as it is techiwcally termed, increases 
the ^ue one eighth. 

The following comprehensive table gives the names, dimensions, and weight, 
per ream, of the several papers in tl-.is class. 
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Writing and 

Drawing Paper 

'S. 


NAME. 

DIMENSIONS. 

WEIGHT. 


Inches. . 

Inches. 

lbs 

Antiquarian . . . 

. . 52i by 

30* 

236 

Double elephant . . 

. . 39i — 

264 

140 

Atlas 

. . 33 — 

26 

100 

Colombier 

. . 34J — 

23 

100 

Elephant 

. . 28 — 

23 

. 72 

Imperial 

. . 29J — 

214 

72 

Super royal 

. . 27i — 

19* 

52 

Roj'al 

. . 23i — 

19 

44 

Medium 

. . 22i — 


34 

Demy 

. . . 19i — 

15* 

24 

Extra large thick post 

. . 22* — 

17* 

25 

Ditto ditto tliin ditto . 

. . 22* — 

17* 

18 

Ditto ditto bank ditto. 

. . 22* — 

17* 

13 

Large thick post . . 

. . 21 — 

164 

22 

Ditto middle ditto . . 

. . 21 — 

16* 

19 

Ditto thin ditto . . 

. . 21 — 

164 

16 

Ditto bank ditto . . 

. . 21 — 

164 

11 

Extra thick ditto . . 

. . 19 — 

15* 

25 

Thick post .... 

. . 19 — 

15i 

20 

Middle ditto .... 

. . . 19 — 

15* 

17 

Thin ditto .... 

. . 19 — 

15* 

14 

Bank ditto .... 

. . 19 — 

15* 

7 

Copy 

. . 20 — 

16 

17 

Sheet-and-half foolscap 

. . 2.^~ 

13* 

22 

Sheet-and-third ditto . 

. . 22 — 

13* 

20 

Extra thick foolscap . 

. . 16*- 

134 

18 

Foolscap 

. . 164- 

13* 

15 

Pott 

. . 154- 

124 

10 


Drawing papers are not made smaller than demy, and are put up into reams 
in the flat state ; writing papers, on the contrary, are not made larger than 
double elephant, very seldom larger than imperial, and are usually folded. The 
laid papers are distinguished by certain peculiar water marks ; thus, post has a 
bugle-horn; copy, a fleur-de-lis ; foolscap, a lion rampant, or Britannia; and port 
paper has the English arms. By a knowledge of these marks, the original size 
of any paper can at once be discovered, however much it may have been subse- 
quently reduced in size. This observation only applies to the laid papers, as in 
wove paper the water-mark never appears. 

The post papers ai-e seldom sold retail in the folio, i. e. the original size, as 
quoted in the foregoing list ; heiug usually cut in half, folded, and ploughed 
round the edges, forming, in that state, quarto post, the letter-paper of the shops. 
This, cut and again folded, forms octavo post, or note-paper ; another folding 
forms 16mo. or small note, &c., and so on to any required extent, — ^for this 
repeated folding is frequently carried so far as the production of 64mo. post, 
or liUiputian note paper. After the paper has been ploughed, the edges are 
left plain, or they may be gilt or blacked, according to fancy. When papers 
are folded the bVoadest way, they are described as broad folio ; but if folded the 
narrow way, they are termed long folio. The other foldings are distinguished 
in like manner, as long or broad quarto, or octavo. These terms are mostly 
used in describing account-books. ^ 

Writing paper is made in all parts of England ; but Maidstone, in Rent, is 
noted for producing the finest qualities ; here all the best drawing papers are 
m^e, the celebrated manufactures of “ J. Whatman,” and the “Turkey 
Mill," being most in rppute. 

Printim Paper . — At the head of this extensive and highly useful class must 
oe ^aced the plate papers. They are of the same size, weight, and quality as 
the drawmg-papers, described in the foregoing list, differing from them, how- 
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ever, in being of a particularly soft and absorbent nature; the process of sizing, 
which gives the firmness so necessary in papers intended to be written on, being 
wholly omitted in manufacturing plate-paper. Plate-paper is not made smaller 
than medium, which is the size necessary for the plates of a demy book. These 
papers, as their name implies, are used for copper-plate printing. When the 
plates are to be coloured, drawing-paper is usually employed, then technically 
termed hard-plate, in contra-distinction to the former, or soft-plate. When 
plates that have been printed on soft paper require to be coloured, it is neces- 
sary first to size fhe paper, which may very readily be done with a clear solu- 
tion of isinglass. 

For taking proofs from engravings, a paper of Chinese manufacture is em- 
ployed, well known in the trade under the name of India-paper. In conse- 
quence of its peculiarity of fibre, this paper possesses a singular degree of 
ductility, which enables it to enter the finest lines of an engraving ; in addition 
to this peculiar softness and flexibility of texture, it also appears to have an 
absorbent and congenial quality for fixing the ink, which causes it to take every 
light and shade with much less colour and pressure, and, what is of the utmost 
importance to printers, allows the ink to set and dry in considerably less time 
than any other paper. India-paper is imported in sheets, fifty-one or fifty-two 
inches long, by twenty-six inches wide; the w’eight varies; but one hundred 
sheets usually weigh about from ten to eleven pounds. 

The following is a list of the other papers in this class, the weights and sizes 
of which vary greatly, according to the choice of the manufacturer. 


NAME. 

DIMENSIONS. 

WEIGHT. 


Inches 

. Inches. 

lbs. 

lbs. 

Large news .... 

. . 32 

by 22 

32 

to 37 

Small news 

. . 28 

— 21 

23 

— 25 

Royal 

. . 25 

— 20 

26 

— 28 

Medium 

. . 231 

— I8i 

24 

— 20 

Demy 

. . 221 

— 18 

15 

— 21 

Short demy, for music . 

. . 201 

— 14 

25 

— 28 

Copy 

. . 201 

— 161 

13 

— 16 

Crown 

. . 20 

— 15 

7 

— 12 

Foolscap 

. . 101 

-131 

9 

— 14 

Pott 

. . 151 

-121 

9 

— 101 


The three last of these are always made in the double size. Printing-papers 
are generally of a yellow-wove texture, and are not so vsll sized as the writing- 
papers ; but the sizing is not wholly omitted, as, without some portion of it, they 
would not possess sufficient strength for ordinary purposes. 

We come now to speak of the Wrapping or P aching-papers. This class 
includes an almost endless variety of sorts and sizes, which, for the sake of per- 
spicuity, we shall notice under the following heads ; viz., Cartridge-papers, 
Blue papers. Hand papers, and Brown papers. 


Cartridge Papers. 


XaME. 

Square cartridge . . 
Double crown ditto . 
Elephant ditto . 
Common size ditto . 
Royal ditto . 

•Demy ditto . 

•Foolscap ditto . 


DIME.NSIONS, 
Inches. Inches. 
. 33^ by 21 i 

. 30—20 
. 23—23 
. 26—21 
. 24 — 19i 
. 221 — 171 
. 161 — 131 


WEIGHT, 
lbs. lbs. 

46 to 50 
30 — 38 
48 — 52 
40 — 50 
29 — 32 
• 26 — 28 
13^15 


• Xhese two uze mostly m&de in the double siz * 
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Blue Papers. 


NAME. 

DIMENSIONS. 

■WEIGHT. 


Inches. Inches. 

lbs. lbs. 

Blue elephant 

. 28 by 23 

30 to 32 

Ditto double crown . . . 

. 30—20 

20 — 24 

Ditto ditto foolscap . . 

. 26i — 16 

18 — 20 

Blue royal 

. 25—20 

29— 22 

Ditto demy 

. 22J — 18 

15 — 20 

Hand (or white-hrown) Papers, 


NAME. 

DIMENSIONS. 

WEIGHT. 


Inches. Inches. 

lbs. lbs. 

Elephant 

. 28 by 23 

30 to 36 

'I'hick royal hand. ... 

. 24J — 20i 

36 — 40 

Thin ditto ditto .... 

. 24—20 

16 — 20 

Royal curling 

. 23i — 19J 

10 — 12 

Lumber hand 

. 22^ — 18J 

13 — 15 

Middle ditto 

. 22—17 

12 — 14 

Small ditto 

. 20—15 

5 — 10 



Brown Papers. 


NAME. 

DIMENSIONS. 

WEIGHT. 


Inches. Inches. 

' lbs. lbs. 

Imperial cap • . 

. . . 29 by 22 

50 to 84 

Bag ditto . . 

. . . 23i — 194 

30 — 48 

Kentish ditto . . 

. . . 21 — 17i 

26 — 28 

Small ditto . . 

. . . 20—15 

10 — 12 

Double four pound 

. . . 32—20 

56 — 66 

Small ditto ditto . 

. . . 284 — 174 

42 — 52 


There are a variety of papers for particular purposes, which do not properly 
belong to any of the classes hitherto described ; we therefore proceed to notice 
the principal of them, commencing with Blotting-paper, which must he well 
known to every person ; it is made of three sizes, viz. medium, post, and 
foolscap ; the weight, quality, and colour, vary greatly, but the pale red is by 
far the most used. Blotting-paper, especially the colourless description, is much 
used in chemical experiments, for the purposes of filtration ; there is, however, 
a paper made expressly for this purpose, known by the name of filtering- 
paper ; it is generally made the size of double crown, and is of a thick, woolly 
texture. 

Tissue-paper is also too well known to need description, beyond stating that it 
is made the size of crown, double and single, and demy. A particular species 
of tissue-paper is manufactured and sold under the name of copying post ; it is 
wholly destitute of size, and is of a thin absorbent texture ; its size is medium ; 
its use is for copying newly- written letters. For this purpose it is slightly mois- 
tened, and laid on the letter written with copying-ink, and then subjected to' 
the action of a press, kept in counting-houses for that purpose ; on removing 
the letter from the machine, an accurate fac-simile is found transferred to the 
copying paper, which pasted in a book, answers all the purposes of the more 
tedious and laborious methods of transcribing formerly practised. 

Littress is a kind of smooth cartridge-paper ; it is made of two sizes, royal 
and foolscap, and only used in the manufacture of cards. Besides many of the 
papers already described, grocers use a thick purple paper, which form# a dis- 
tinct class, under th^title of sugar blues. 
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Sugar Blues, 


NAM£« 

DIMENSIONS. 
Inches. Inches. 

WEIGHT. 

Ihs. 

Large lump .... 

. . . 22> by 32 

108 

Small ditto .... 

. . . 28i — 21J 

102 

Single loaf .... 

. . . 26i — 19 

80 

Powder ditto. . . . 

. . . 26 — 18 

58 

Doubly ditto .... 

. . . 22 — 15i 

44 


Besides the brown papers enumerated, there are some made for particular 
pmposes, among which may he noticed a large coarse paper for strong pack- 
ing purposes, known by the name of Manchester-papers : sheathing-paper, for the 
use of ship-builders, and tip-paper for hatters, are also of a similar description. 

It may be as well to observe, that although a very marked distinction has 
been made in the classification of the several papers, yet such in reality does not 
exist ; as the finest printing and sometimes even writing-papers are applied 
to wrapping purposes; instance the foolscaps, crowns, and demies, used by 
grocers, hatters, and the like. In hand papers, again, some difiiculty occurs ; 
elephant, which stands at the head of that class, is used almost exclusively for 
the manufacture of paper-hangings, being joined together, and printed on : it is 
made of various qualities, according to the description of work for which it is 
intended. The elegant crimson and satin hangings require a paper of the best 
printing quality, which will not, therefore, properly come under the denomina- 
tion of hand-paper ; but had these and similar particulars been permitted to 
interfere with the plan adopted, much unnecessary repetition and great con- 
fusion would have been the inevitable consequence. We have, therefore, given 
the most usual weights and sizes, which continue much the same, in whatever 
class the quality of the paper may chance to place it. 

Coloured papers are of two kinds, those which are made at the paper-mill, 
either by colouring the pidp in the vat, by using coloured rags, or by dyeing the 
paper afterwards ; and those which are made from white papers, by persons fol- 
lowing the business of fancy stationers. In the first class, we find the coloured 
drawing or crayon papers for artists, coloured royal and demy for bookbinders, 
and the delicate tinted post and tissue-papers, in high repute with the fair sex. 
The second class comprises, in addition to some of the above, coloured double- 
crown and demy, for posting-bills, coloured foolscap, (or small post,) plain and 
glazed for fancy work, and varnish coloured papers, embossed in imitation of 
watered or figured silk, and morocco leather. To these may be added a very 
great variety of marble-papers for bookbinding, as also papers beautifully 
painted in imitation of the various valuable woods and marbles. 

PAPER MANUFACTURE. The first paper mill established in England 
was at Dartford, by a German, (who was jeweller to Queen Elizabeth,) about 
the year 1588. For a long period afterwards the manufacture was, however, of 
so inferior a quality as to render it necessary to have recourse to France and 
Holland for those of the better quality. The process at this time consisted in 
subjecting the rags to fermentation, by which destructive operation they were 
of course more easily reduced to a pulpy consistency, which was effected by 
stamping or triturating in a kind of mortar, similar to the action of the Asiatic 
oil mill, described at page 201. About the middle of the last cejtury the pro- 
cess was, by successive ameliorations, entirely changed, so as to approximate 
nearly to that now used in making paper by hand. We shall therefore proceed 
to describe, in the first place, aU the ordinary manipulations practised in making 
paper by hand ; and afterwards, successively, those improvemeirts in the mecha- 
nism by which this important manufacture is now conducted. 

The best kind of rags employed in the manufacture of paper are collected in 
this country, but all these are only sufficient to supply a fifth part of our 
demand ; and the inferior kinds are imported from the centinent, particularly 
from (Jamburgh, whence our chief supply has been drawn for nianv' vears, 
that city being apparently the grand rag-market for the German States and 
the north of Europe. France, Holland, and Belgium, protiibit the exportation ; 
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a considerable quantity is, however, brought to us from Italy, and various parts 
of the Mediterranean. These rags are of course of every quality, from canvas 
to cambric, and of every tint, as respects filth or cleanliness, between white and 
black; those from Sicily have the hue of sepia. Notwithstanding they undergo, 
from their excessively filthy state, a partial cleansing before they can be shipped, 
they become so completely metamorphosed by the ablutions and manipulations 
of our paper makers, as to be converted, in a very short space of time, into a 
pure and spotless white paper. Before rags are brought to the mill, they are 
roughly sorted into severm qualities, distinguished by technical terms, understood 
by the trade. At the mill, these sorts are more particularly sorted, according to the 
requirements of the manufacturer, and at the same time they are cut into pieces, 
if they are much larger than about the palm of the hand. A number of 
women are employed for this purpose, in a large room, fitted up and adapted to 
reduce the nuisance of the filth and dust of the operation. Each woman stands 
before a kind of table, formed of a wire screen, on which the rags she sorts are from 
time to time distributed, and moved about, which causes much of the dust and 
dirt to pass through the wires into receptacles beneath. At each stand there is 
also a fixed blade of steel, kept very sharp, over which the workwomen draw 
those pieces of rags that are too large, and thus quickly divide them. If the 
pieces be small enough, they throw them, according to their respective qualities, 
into one or other of a series of receptacles designed to receive the various 
qualities in a separate state. All the seams in the rags are carefully separated ; 
as the sewing threads, if not thoroughly torn into filaments by the engine, would 
produce indentations or knots upon the paper. An active woman can cut and 
sort about a hundred- weight a day ; the rags are next weighed, and put up info 
hundred-weight bags, ready for the subsequent operation. It was formerly 
necessary to assort the rags with great care, with respect to colour, as well as 
texture ; but from this care they are now in a great measure relieved, by the 
introduction of bleaching by chlorine, which enables them to produce the whitest 
paper from any kind of rags: by injudicious management, however, the process 
is sometimes carried too far, and the tenacity of tne vegetable fibre destroyed. 
The next operation is to boil the rags for some hours with lime, which loosens the 
dirt, and partially cleanses them ; but this preparatory process for the operations 
of the mill is, we believe, confined to the most improved mills. 

The paper-mill consists of a water wheel, or other first mover, connected with 
a combination of toothed and other wheels, so arranged as to cause the cylinder 
in the washer, and the one in the beating engine (which are nearly of a similar 
construction,) to make 150 or more revolutions per minute. On the same shaft, 
and of the same size as the water wheel, is a cogged wheel, which gives motion 
to a pinion, on whose axis is a two or three-throw crank, that works as many 
pumps, which raises a constant stream of water from the mill-dam ; this water 
is kept constantly running through the rags in the washing and beating engines. 
The building and machinery of a paper mill should be well constructed, other- 
wise the great velocity of the wheels produces a tremor, which in time shakes 
it all to pieces. A washing engine, when it revolves at the rate of 120 revolu- 
tions per minute, and has 40 teeth, each of which passes by 14 teeth in the 
block, produces 67,200 cuts in a minute, and makes a most horrible growling 
noise ; but in the beating engine, in which the cutters and teeth are smaller, 
and the revolution more rapid, the noise produced is one continued loud hum- 
ming. The cuts made in the latter amount to nearly 200,000 per minute, 
which circumstance will account for the rapidity with which the ra^s are con- 
verted into a pulpy mass, in which the filament’s are so minute as to^be scarcely 
discernible. The washing engines of a mill are placed at a higher elevation 
than the beating engines, and they are actuated in the following manner. The 
large cogged wheel, before mentioned, drives a pinion upon a vertical axis; upon 
this axis are two horizontal spur-wheels, at different elevations ; the upper one 
drives a pinion on the axis of the washing engine, and the lower one a pinion 
on the axis of the beating engine ; and as these engines are similar in their 
airangement of partg, and differ only in certain proportions, w'e shall make the 
subject intelligible by the description of one only. The figure on the next page 
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represvits a plan of one of these engines, n a is a wooden vat or cistern, about 
10 feet long, 4} wide, and deep, the inside lined with lead ; i is a longitudinal 



partition, also covered with lead; c is a reticulated cj Under, fixed fast upon the 
revolving shaft d, extending across the engine, and put in motion through the 
medium of the pinion e, driven by a toothed wheel on the vertical shaft of the 
miU, as before mentioned. This cylinder is made of wood, and furnished with a 
number of parallel blades, fixed longitudinally around its circumfei-enoe. Imme- 
diately beneath this cylinder is a block of wood extending its lengtli, and of the 
breadth of the space between the two dotted lines represented. The upper sur- 
face of this block conforms to the curvature of the cylinder, and it is provided 
with teeth or blades, placed close together, so as to present so many acute cutting 
angles, which present themselves constantly to tlie teeth on the revolving 
cylinder, not in contact, but so near as to cut, chop, and tear the rags as they 
are forced between them b}' the action of the machine. The distance between 
these opposed series of teeth is always susceptible of regulation, by turning 
screws at //, which raise or lower the bearings gg of the axis of the cylin- 
der, which bearings are levers turning upon fulcrums at h h. The engine 
is served with water by a pipe i from a reservoir supplied by the pumps, which 
it delivers into a small cistern y, communicating with the engine. This pipe is 
provided with a cock, to stop or regulate the quantity of water; and to prevent 
any extraneous matter passing with the water into the engine, it has a hair or 
wire strainer A placed across it. When the engine is filled with water, and a 
quantity of rags put in, they are, by the revolution of the cylinder, drawn be- 
tween its cutters and those on the block underneath. This cuts them into 
pieces ; then, by the rapid motion of the cylinder, the rags and water are thrown 
upwards over a breasting, which rises in the same curve with the toothed block, 
up to about the middle of the cylinder; from this point they descend an inclined 
plane, whose length is represented by the dotted line/, and take’a course round 
the vat, as indicated by the arrows; the whole contents of the v-at are thus put • 
into motion, which cojitinues as long as the cylinder revolves ; that being of * 
course determined by the uniform reduction of the rags into a pulpy consistenojn 
The cutter block is made so as to slide into or out of its place from the outside 
of the machine, for the conv'enienee of sharpetiing its teeth, &c. The cutters 
of the cylinder are fi.xed into grooves made in the wood of the cylinder, at 
equal distances from each other around its circumferencemn a direction parallel 
to its axis ; the number of these grooves is twenty ; and for the washer, each 
groovg has two cutters or blades put in it ; then a fillet of wood is driven fast 
in between them, to hold them firm, and the fillets are luliled fast into the solid 
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wood of the cylinder. The heater is made in the same manner, except that 
each groove contains three bars and two fillets. 

In the operation of this cylinder, it is necessary it should he inclosed in a 
case, or its great velocity would throw all the rags and water out of the engine. 
The case is a wooden box, inclosed on all sides except the bottom ; one side of 
it rests on the edge of the rat, and the other upon the edge of the partition h. 
Inside this ease are two hair or wire strainers, through which the foul water 
passes as it is dashed against them, and on the opposite side 5f these strainers 
the ease is formed so as to conduct the foul water into two flat*lead pipes, seen 
in section at o o, out of the machine. When the water is not required to be 
carried off, as in the heating engines, there are sliding shutters provided to these 
sieves, which pass through grooves on the top, and at the sides of the case, by 
which the water as well as the rags are returned into the engine. 

When the rags have been about an hour in the first engine, if they require it, 
according to the modern practice, they are bleached. There are two ways of 
bleaching used at present ; one by the oxymuriatic acid gas, the other by the 
acid combined in the dry way with quicklime. In the first way, the rags are 
boiled in an alkaline solution of potash and lime for four or five hours, or it 
very coarse, for eight hours. The purpose of this is to .destroy the coarse part 
of the hemp, commonly called shon or sheave, and which exists in a great 
degree in coarse linens, especially German rags. The solution is then washed 
out in the washing engine ; the water being pressed out, they are exposed to 
the acid in the gaseous form, as linen is ; (see the article Bleaching.) The 
gas is then washed out as carefully as possible ; this is of great importance, as, 
if any acid remain in the rags, it causes the paper, after some time, to putrefy 
and change its colour. In the other way, the oxymuriate of lime is diffused in 
water by agitation, the insoluble matter is thrown out, and the liquid, when clear, 
is diluted and put in the engine ; being thoroughly mixed with the rags, it is 
allowed to stand for an hour or more, and the acid carefully washed out. 
Bleaching is not now quite so much practised as formerly, on account of the low 
price of rags ; indeed, we understand that unbleaehed papers are entirely used 
in the Oxford University Press, for the printing of bibles, testaments, &c., on 
account of their great durability. After the bleaching, (if that process is used 
at all,) the stuff is reduced for an hour or more in the washing engine, and is 
then put into the beating engine. When it has been beat, as it is called, for 
about three hours and a half, it is generally fine enough, and a valve placed 
in the bottom of the engine being opened, the stuff escapes into the chest, or 
general reservoir, which supplies the vat or other machinery. 

We shall now proceed to describe the mode of making paper by hand, with- 
out the aid of machinery, (in the common acceptation of that term.) The vat is 
made of wood, and generally about five feet in diameter, and tw’o and a half in 
depth. It is kept at the required temperature by means of a grate, introduced 
by a hole, and surrounded on the inside of the vat by a case of copper. For 
fuel to this grate, charcoal or wood is used ; and frequently, to prevent smoke, 
the wall of the building comes in contact with one part of the vat, and the fire 
has no communication with the place where the paper is made. Every vat is 
furnished on the upper part with planks, inclosed inwards, and even railed in 
with wood, to prevent any of the stuff from running over in the operation. 
Across the va^is a plank, which is called the trepan, pierced with holes at one 
of the extremities, and resting on the planks which surround the vat. The 
moulds are composed of wire cloth, and a movable frame. The wire cloth is 
varied in proportion to the fineness of the paper, and the nature of the stuff. 
A laid mould consists of a frame of wood, neatly joined at the corners. Wooden 
bars run across it, about an inch and a half distance from each other. Across 
these, and consequently along the mould, the wires run, from fifteen to twenty 
in an inch. A strong raised wire is laid along each of the cross-bars, to which the 
other wires are fastotied ; this gives the laid wire its ribhed appearance. The 
water-mark is formed hy sewing a raised piece of wire, in the form of letters, 
or any device that may be wished, on the wires of the mould, which maffes the 
p^er thinner in thes? places. The frame-work of a wove mould b nearly the 
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same ; but, instead of sewing on separate wires, the frame is covered with fine 
wire-cloth, of from 48 to 6 4 wires in an inch. On both moulds a deckle, or 
movable raised edging, is used ; this must fit very neatly, otherwise the edge of 
the paper will be rough. The felts are pieces of woollen cloth, spread over 
every sheet of paper, and upon which the sheets are laid, to detach them from 
the form, to prevent them from adhering together, to imbibe part of the water 
with which the stuff is charged, and to transmit the whole of it, when placed 
under the actio§ of the press. The two sides of the felt are differently raised ; 
that of which the hair is the longest is applied to the sheets which ai’e laid 
down ; and any alteration of this disposition would produce a change in the 
texture of the paper. The stuff of which the felts are made should be suf- 
ficiently strong, in order that it may be stretched exactly in the sheets without 
forming into folds ; and, at the same time, sufficiently pliant to yield to every 
direction, without injury to the wet paper. As the felts have to resist the 
reiterated efforts of the press, it appears necessary that the warp be very strong, 
of combed wool, and well twisted. On the other hand, as they have to imbibe 
a certain quantity of water, and to return it, it is necessary that the woof be of 
carded wool, and drawn out into a slack thread. After the stuff is ready, the 
workman takes one of the moidds, furnished with its frame, by the middle of 
the short sides, and fixing the frame round the wire-cloth with his thumbs, he 
plunges it obliquely four or five inches into the vat, beginning by the long side, 
which is nearest to him. After the immersion, he raises it to a level ; by these 
movements he fetches up on the mould a sufficient quantity of stulf ; and as 
soon as the mould is raised, the water escapes through the wire-cloth, and the 
superfluity of the stuff over the sides of the frame. The fibrous parts of the 
stuff arrange themselves regularly on the wire-cloth, not only in proportion as 
the water escapes, but also as the workman favours this effect by gently shaking 
the mould ; afterwards, having placed the mould in a piece of board, the 
workman takes oflf the frame or deckle, and glides it towards the coucher, who, 
having previously laid his felt, places it with his left hand in an inclined 
situation, on a plank fixed in the edge of the vat, and full of holes. Diiring this 
operation the workman applies his frame, and begins a second sheet. The 
coucher seizes this instant, takes with his left hand the mould, now sufficiently 
dr)', and laying the sheet of paper upon the felt, returns the mould, by gliding 
it along the trepan of the vat. They proceed in this manner, laying alternately 
a sheet and a felt till they have six quires of paper, which is called a post ; and 
this they do with such swiftness, that in many sorts of paper two men make 
upwards of twenty posts in a day. When the last sheet of the post is covered 
with the last felt, the workmen about the vat unite together, and submit the 
whole heap to the action of the press. They begin at first to press it with a 
middling lever, and afterwards with a lever of great length. After this 
operation another person separates the sheets of paper from the felts, laying 
them in a heap ; and several of these heaps collected together are again put 
under the press. The stuff which forms a sheet of paper is received, as we 
have already said, in a form made of wire-cloth, which is more or less fine, in 
px-oportion to the stuff, surrounded with a wooden frame, and supported in 
the middle by many cross-bars of wood. In consequence of this construction, 
it IS easy to perceive that the sheet of paper will take and preserve the impres- 
sion of all the pieces which compose the form, and of the empt)-^p.aces between 
them. The traces of the wire-cloth are evidently perceived on the side of the , 
sheet which was attached to the form, and on the opposite side they produce an • 
assemblage of parallel and rounded risings. As in the paper which is most 
highly finished, the regularity of these impressions is still visible, it is evident 
that all the operations to which it is submitted have chiefly in view to soften 
these impressions without destroying them ; it is of consequence, therefore, to 
attend to the combination of labour which operates on these impressions. The 
coucher, in turning the form on the felt, flattens a little Ihe rounded eminences 
whic^ are in relievo on one of the surfaces, and occasions, at the same time, 
the hollow pLices made by the wire-cloth to be partly fil^dup; meanwhile, the 
effort which is made in detaching the form produces an infinite numbei* of 
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small liairs on every protuberant part of tlie sheet. Under the action of the 
press, first with the felts, and then without them, the perfecting of the grain of 
the paper still goes on. The vestiges of the protuberances made by the wires 
aie altogether flattened, and, of consequence, the hollows opposite to them dis- 
appear also ; but the traces formed by the interstices of the wire in consequence 
of their thickness, appear on both sides, and are rounded by the press. The 
paper, the grain of which is highly softened, is much fitter for the purposes of 
writing than that which is smoothed by the hammer; on th» other hand, a 
coarse and unequal grain very much opposes the movements of the pen, as that 
which is beat renders them very uncertain. The art of making paper, there- 
fore, should consist in preserving, and, at the same time, in highly softening the 
grain. 

The exchange succeeds the operation last described ; it is conducted in a hall 
contiguous to the vat, supplied with several presses and a long table. The 
w orkman arranges on this table the paper newly fabricated, into heaps, each 
heap containing eight or ten of those last under the press, kept separate by a 
woollen felt : the press is large enough to receive two of them at once, placed 
the one at the other’s side, and must have a power from 70 to 100 tons. When 
the compression is judged to be sufficient, the heaps of paper are carried back 
to the table, and the whole turned, sheet by sheet, in such a manner that the 
surface of every sheet is exposed to a new one ; and in this situation they are 
again brought under the press. If the stuff be fine, or the paper slender, the 
exchange is less frequently repeated : in this operation it is necessary to alter 
the situation of the heaps, with regard to one another, every time they are put 
under the press ; and, also, as the heaps are highest toward the middle, to place 
small pieces of felt at the extremities, in order to bring every part of them 
under equal pressure. A single man, with four or five presses, may exchange 
all the paper produced by two vats, provided the previous pressing at the vats 
has been well performed. The work of the exchange generally lasts two days 
on a given quantity of paper. The sheds for drying the paper are contiguous 
to the mill; they are furnished with a vast number of cords, upon which they 
hang the sheets botli before and after the sizing. The sheds are surrounded 
with movable lattices, to admit a quantity of air sufficient for drying the paper. 
The cords of the sheds are stretched as much as possible ; and the paper, four or 
five sheets together, is placed on them by means of a wooden instrument in the 
form of a tall T. The principal difficulty in drying the paper consists in gra- 
dually admitting the external air, and in preventing the cords from imbibing 
moisture. 

The inconvenience of the expansion and contraction of the cords fioin altera- 
tions in their humidity, might, we conceive, be remedied by saturating them 
in a solution of caoutchouc, which would not destroy their flexibility, but would 
enable them to resist moisture, and render their durability almost everlasting. 
In some mills the paper is hung upon smooth, rounded laths, and the drying is 
efl’ected by steam or hot water, circulated in pipes through the room. 

The size for the paper-makers is made of the shreds and parings procured 
from the tanners and parchment-makers. All the putrefied parts, and the lime, 
being separated from them, they are enclosed in a kind of basket, and let down 
by a rope and pulley into a cauldron. When the solution of the gelatin is 
found to be complete (which is ascertained by drawing up the basket), it is 
allowed to settle for a while, and then twice filtered, b^efore it is put into the 
vessel into which tlie paper is dipped. After this a certain quantity of alum, 
also of smalts, or other pigments calculated to improve the tint, or bestow a 
peculiar hue upon the paper, is added. The workman then takes a handful of the 
sheets, smoothed and rendei-ed as supple as possible, in his left hand, dips them 
into the vessel, and holds them separate with his right, that they may equally 
imbibe the size. Afl^r holding them above the vessel for a short time, he 
seizes on the other side with his right hand, and again dips them into the 
vessel. When he has ten or a dozen of these handfuls, they are submitted to 
the action ot the presS'. The superfluous size is carried back to the vessel by 
means of a small pipe. The vessel in which the paper is sized is made of 
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copper, and fiunislicd with a grate, to give the size, when necessary, the requi- 
site temperature ; and a piece of thin board, or felt, is placed between every 
handful as they are laid on the table of the press. After the paper is sized it 
is carried to the drying house, where a gradual drying of the sized paper is 
considered to be very important ; the exchange, likewise, at this stage, requires 
great attention, as the grain of the paper, which may then receive impressions, 
can never be restored. When the sized paper is also exchanged, it is possible 
to hang more shefts together on the cords of the drying house : the paper dries 
better in this condition, and the size is preserved without any sensible w'aste, 
because the sheets of paper mutually preserve the rapid operation of the external 
ait ; and as the size has already penetrated into the paper, and is fixed on the 
surface, the insensible progress of a well-conducted drying house renders all 
the good effects more perfect in proportion as it is SI0WI3' dried. When the 
drying is completed, it is carried to the finishing room, where it is pressed, 
selected, and examined ; folded, made up into quires, and, finally, into reams. 
It is here put twice under the press; first, when it is at its full size, and, 
secondly, after it is folded. The principal labour of this place consists in 
assortiiig the paper into different lots, according to its quality or defects ; after 
which it is made up into quires. The person who does this must possess great 
skill, and be capable of great attention, because he acts as a check on those who 
separated the paper into different lots : he takes the sheets with his right hand, 
folds them, examines them, lays them over his left arm tUl he has the number 
requisite for a quire, brings the sides parallel to each other, and places them in 
heaps under the table. An expert workman, if proper care has been taken in 
assorting the lots, will finish, in this manner, about 600 quires in a day. The 
]>aper is afterwards collected into reams of 20 quires each, and, for the last 
time, put under the press, where it is continued for ten or twelve hours, or as 
long as the requirements of the paper-mill will permit. 

The art of making paper in one continuous sheet of any required length, 
originated from an ingenious Frenchman of the name of Didot, who, in con- 
junction with the Messrs. Feurdrinier, succeeded, after the expenditure of 
enormous sums of money, in perfecting this important improvement, which has 
now, in a great measure, superseded the desultory mode of operating we have 
just described. The action and arrangement of the improved meclianism may 
be thus briefly explained. A horizontal frame, of any required length or 
hieadth, is furnished with a roller or cylinder at each end, over which is 
stretched ail endless weh of brass wive, of the requisite textuie or fineness, for 
the pajicr to be manufactured by it. At one end of the frame, parallel with. 
Mid immediately over one of the cylinders, is a long angular trough, or sluice, 
into wl'.ich tlie pulp is received Irom a vat above, wherein it is continually 
agitated, whence it issues through a long slit or opening, regulated by a screw, 
ialling in an uniformly tliin stratum upon the whole breadth of the endless web 
beneath, at which time the cylinders are in motion, cai tying forward the stratum 
of pulp, and a joggling motion is communicated to it laterally by the alternating 
motion of a rod, produced by a revolving crank ; this agitation of the pulp, as 
the water drains from it through the wire-woik, produces the felting, or inter- 
weaving of the fibre, as perfectly as it is done by hand ; and tlie pulp is 
prevented from flowing over the sides by means of two leather straps, one on 
each side, which move round with the web; and by the shifting of which straps 
nearer to, or farther from the centre, the width of the paper may he regulated. 
By the time the pidpy mass arrives to the farthest end of the machine, it lias 
acquiied sufficient tenacity to be taken up by a larger cylinder, covered with 
felt or ffatinel, and is then passed between a series of similar cylinders, and 
finally delivered on to a reel ; and when this reel has sixteen or eighteen quires 
wound upon it, it is removed, and another put in its place ; the paper is now 
cut (.ft’ tlie reel by a longitudinal incision through the coil, when it undergoes 
a similar series of operations to that we have described m making paper by 
hand. • A full description of this machine is given in the Reperlory of Arts, 
Vol. XI !I. Second Series, to which we must retet our reaiJers, in order that we 
may find room for the description of a variety of improtements in paper’- 
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making, founded upon the admirable mechanism we have briefly noticed, for 
which the public stand indebted partly to the skill, and wholly to the determined 
perseverance of the Messrs. Fourdrinier. It is indeed to be lamented that these 
gentlemen have never received any adequate remuneration for the benefit which 
they have conferred upon their country. 

The first invention which we bav'e to notice possesses a considerable degree 
of novelty and ingenuity j the authors and patentees of which are Messrs. 
Dennison and Harris, paper-makers, of Leeds. The paj^r-mould is, in this 
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case, continuous, Lut diiferently arranged, forming simply the exterior or peri- 
phery of a large drum, which revolves in the pulp vat. The preceding engraving 
exhibits an elevation of the apparatus, shown partly in section, a is a vessel 
containing the pulp, considerably diluted, which is preserved at the desired 
level by any of the usual means, so that the pulpy liquid, when the machine is 
at work, shall flow over the curved side of the vessel into a revolving cylindrical 
mould b. In the vessel a, a vane c is made to revolve, to keep up a powerful 
agitation, and prevent any of the fibres from subsiding. The rotatory mould b 
is formed on its*periphery like a sieve (which will, hereafter, be particularly 
described), and, as it turns round in the direction of the arrow, the pulp is 
received upon it ; the chief part of the water instantly drains through the bars 
of the mould, and the paper, in a loose, spongy, wet state, is formed. The con- 
tinued motion of the mould brings this pulpy matter in contact with an endless 
felt d, which, by a superior attraction of cohesion, attaches to itself the pulpy 
fabric, and carries it forward between that felt and another felt e, where it 
receives pressure, first from a pair of ivet rollers f f then a greater pressure 
from the dry rollers g g ; from thence the paper, in a comparatively dry state, 
is taken up by a rotatory vane h, upon which it is folded ; when this vane is 
fully charged it is removed, and another vane substituted in its place. In this 
manner a sheet of any required length may be made. The C3'lindrical mould 
b revolves in a vessel of water i, which serves to wash off the fibrous matter 
that may adhere to it, and to receive the water which drains from the diluted 
])ulp as it passes over. The cast-iron frame upon which the mould revolves is 
jointed, to facilitate that lateral shaking or trembling motion, essential in the 
makhig of paper, which is effected by a crank and rod, or by any of the other 
usual means, motion being communicated from the gearing which drives the 
rollers, &c. The roller k is called the combing roller, as it takes the paper off 
the mould. This roller is provided with a regulating screw, to tighten the web, 
or adjust the pressure against the mould. The upper wet rollers/, and the upper 
dry rollers g, have also regulating acrews, by which they may be elevated or 
depressed in the long slots wherein their axes revolve, so as to increase or 
diminish the pressure upon the wet paper. A small roller I is employed for 
assisting in separating the paper as it passes from the felt on to the vane h. As 
the lowermost web becomes very wet by receiving the water from the paper, a 
small cylinder m is employed to press out the water from it as it revolves. For 
the perfect cleansing of the webs from the fibrous matter, small rotatory 
brushes are directed to be fixed so as to brash over their surfaces ; and the 
employment of jets of water to wash over the felts is also recommended by the 
patentees. As the peculiar construction of the rotatory mould forms the prin- 
cipal feature of this invention, and the ground of patent-right, it is proper that 
we should describe it more particularly. In its outline it presents precisely the 
figure of a military drum ; its periphery is formed by connecting together a 
series of metallic rings ; the cylinder is then covered longitudinally with 
numerous small thin bars of copper, three-eighths of an inch wide, placed 
edgeways, so as to form a complete grating over the whole surface. The 
copper bars have numerous small lateral projections, to keep them at a regular 
distance apart ; these are directed to be made by passing plain slips of copper 
between cjlindrical steel rollers, with indentations on one of them, adapted for 
producing an uniform series of little slabs. 

It has been usual to distinguish laid paper (or paper made in hand moulds) 
from machine paper, (or that made on the endless wire web in a machine,) bj' 
the peculiar water-mark lines. Hitherto the machine paper has been made on 
very fine woven wire, which gives it that smooth, woven appearance ; while the 
laid paper is marked by distinct parallel lines, crossed by a few thicker lines 
about an inch apart. The usual process of working wire, in making the hand 
moulds that produce the last -mentioned effect, is tedious and expensive ; but 
the paper made from them is generally preferable, and,»we believe, is worth 
more in the market. 

The%bject of the invention we shall next describe, is to make a paper resem- 
bling the hand paper, by a machine. For tliis purpose. Mr. Louis Aubrey, of 
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Two Waters, in Hertfordshire, took out a patent in 1827, for an endless n'ebof wire, 
that will produce the same kind of water-marks as are exhibited in the laid paper. 
The warp, consisting of the small wires, is put into the loom in the usual way, 
until the reed is filled to the width required. A wooden or metal roller, about five 
inches in diameter, containing in a line firmly fixed as many metallic pegs as there 
are large water lines required in the paper : these pegs stand out from the roller 
about a quarter of an inch, and answer to corresponding large divisions left in 
the reed. The large warp is then placed on to each of these pegs, and round the 
roller, until a sufficient length is obtained ; the ends are then pnssed through the 
front harness, placed somewhat higher than the small harness, and from thence 
through the large divisions in the reed, where the ends are made fast to stout 
iron rods. In this manner both warps are drawn tight, and the weaving is exe- 
cuted by the usual process. The superior thickness of the wires of the large 
warp causes them to project, and to produce the coarse water lines in the 
paper made with it. 

About the same period of time, Messrs. J. and C. Phipps, of London, took out 
a patent for a different mode of producing the laid paper impressions in a machine, 
which is of easy application to a Fourdriniers’ machine, as it consists simply in 
the addition to the latter of a revolving cylinder, which impresses the peculiar 
water lines required upon the wove paper as the latter is received upon the felt. 
For this purpose, the cylinder is formed of wooden discs at the ends, and concen- 
tric rings, and turns on a central iron axle. Over the periphery of the cylinder, 
the same kind of wire-work as the laid paper moulds are made of, is wound 
round, and carefully joined at the seam. This cylinder is mounted over the 
felt, so as to rest its weight upon it, by turning loosely in vertical slots, made in 
brass bearings on the side frames of the machine ; the wire-work, therefore, 
passing upon the newly-made wet paper on the felt, produces the required 
water lines. 

Mr. George Dickenson, of Buckland mill, near Dover, who has shown equal 
skill and perseverance in improving the mechanism of the paper manufacture, 
for which he has had many patents, obtained one in 1828, which, combining 
several previous improvements, we shall here describe. In the machines we 
have already notice^ it will be observed that a lateral or horizontal motion is 
given to the endless web of wire for felting the fibres, and separating the water 
from the pulp. The leading objects of this invention are to give a rapid vibra- 
tion to the wire web in a vertical direction, and by rarefying the air underneath 
the wire web, cause the atmosphere to press upon the superior surface of the 
paper, by which a farther portion of the water is driven through the paper into 
the rarefied apartment underneath, and thus the paper is more speedily and 
effectually dried. From this account, somewhat of the nature of the machine 
may be understood. We will now describe the arrangements move particularly, 
with reference to the accompanying engravings. The engraving on the next 
page exhibits side elevations of two distinct machines, which are brought into 
action together; they are marked Fig. 1, Pig. 2, and Fig. 3, which fol- 
lows it, exhibits a longitudinal section of the exhausting cylinder only. In 
Fig. 1, a a is a wooden frame supporting the whole ; bhbm iron frame secured 
to a similar one on the opposite side by a I'od at top, and a bar at the end, and 
vibrating on a pivot e; da. cylinder, revolving on a fixed axis e//l and/2 band 
wheels, which give motion to the cylinder d by a toothed wheel on the axis of 
/ 1, shown By dots, which takes into another toothed wheel on the cylinder d ; 
g a cylinder revolving in pivots, supported by the frame bb; ha roller set in 
motion by the pinion (shown) driven by the toothed wheel on d, and which 
takes into another wheel on the end of the roller h ; k another roller turning in 
grooves by being placed in contact with the revolving roller .% ,• III an endless 
web of wire passing over the cylinders d and g, also betwixt the rollers h and k, 
and over the tightening rollers m and n, the latter of which is movable by a 
screw, in order to regulate the tension ; o o a series of rollers supporting the 
wire web, and revolving upon spindles in notches cut in the side rails, attached 
to the frame bb ; pa stout piece of brass called the deckle, placed rf)n each 
side of the machint, over the wire web, and supported by the cross bars g g, 
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which can be raised or lowered by screws in side pieces attached to the frame I h ; 
rr the deckle straps, revolving over pulleys attaclied to each end of tlie d- ck'e, 
also over similar pullers on the axis of f 1, and under a pulley 5 , dipping into 
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a vessel of water ; the straps confine the pulp at the sides of the web, and regu- 
late the width of the paper, which is according to the distance the deckles are 
asunder ; 1 1 tightening rollers, to tighten the deckle straps ; v a large band 
wheel, driven by the prime mover, and driving the smaller band wheel w ; the 
latter carries a crank (not seen) set three-eighths of an inch out of the centre 
of the axis of the wheel, but which eccentricity can be altered at pleasure ; a a 
connecting rod attached to the crank and to the frame 6, causing the latter to 
rise and fall three-quarters of an inch at each revolution of the wheel w ; y an 
iron stand, and supporting the spring », upon which the frame J*strikes at each 
descent of the connecting rod x, and thus assists the crank. 1 a pulp-box, 
attached to the frame b, and extending the whole width of the wire web ; to the 
front board is attached a piece of leather, which descends on to the wire web, 
and distributes the pulp equally over the web ; 2 a thin piece of board, set 
edgeways upon the wire-web between the deckles, and keeping back the 
bubbles of air and water in the pulp ; .3 a fixed pulp-box, which feeds the box 
1, and regidates the quantity therein; 4 a pipe leading from the cylinder d to 
the air pump. Fig. 2, a, a metal roller revolving on bearings, which can be 
raised or lowered by the screw b ; c another roller, revolving in a fixed bearing ; 
this roller is set in motion by the toothed wheel d on its axis, which is driven by 
the wheel e, the latter receiving its motion firom the prime mover, ff an end- 
less web of felt, passing round the small rollers g gg, and between the rollers a 
and c ; h the reel, turned by a pulley k on its axis ; the latter is driven by a 
band passing over it, and a pulley on the axis of c. 

The operation of the machine is as follows : the pulp flows from the box 3 
into the box 4, thence is distributed by the leather on to the wire web ; on 
arriving at the cylinder d the paper receives a considerable degree of pressure 
upon its external surface from the atmosphere, owing to the air being rarefied 
in the interior of the cylinder by means of an air pump attached to the pipe 4 ; 
and the paper is thus deprived of the principal part of its water. The con- 
tinuous sheet of paper then passes between the rollers A and k, and thence on 
to the endless web of felt, when the remaining water it contains is pressed out 
by the rollers a and c. Fig. 2, preparatory to its being coiled upon the reel A. 

Fig. 3, a section of the cylinder d. d is the exhausting cylinder, of brass, 
and pierced full of holes ; e e end pieces bolted to d, and carrying toothed 


Fig. 3. 



wheels upon their peripheries ; ff a hollow fixed centre, upon which d revolves, 
and bent into tiie form of a crank ; g a trough composed of an iron bottom with 
wooden sides, and having two movable end pieces A A, which are set to the 
width of the paper ; the whole is covered with leather ; this trough is supported 
by the standards i i i fixed into the axis ff, and is pressed by spiral springs 
against the cylinder d; I a- pipe fitted into the bottom g, the outer end plunging 
in w.iter. m a pipe pierced full of holes, and leading to the air pump. 

Mr. John Dickenson, of Nash Mills, Hertfordshire, to whom also the public 
stand indebted for several improvements in the paper manufacture, took out a 
patent in 1829 for “ a^new improvement in the method of manufacturing paper 
by machinery, and also anew method of cutting paper or other materials into 
single sheets or piece% by means of machinerj'.” Fiom a perusal of the^peci- 
fioation, we find these to consist, first, in causing the paper to be pressed between 
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two rollers, the upper of w'hich is to be heated by steam in the usual way, first 
with one side, and afterwards with the other upwards, to give it an equal gloss 
on both sides ; secondly, to introduce, during the manufacture, into the centre 
of the paper, threads, fine net, or other reticidated material ; and thirdly, to cut 
it into a sheet of appropriate size, by a more convenient and expeditious method 
than those now in use. The first object he effects by carrying the paper upon 
felt, round a series of rollers, similar to those employed in the double machines 
for printing both sides of a sheet of paper at one time ; the second, by placing 
over the pulp Vessel a series of bobbins with thread, or a roller with any other 
material to be introduced into the paper. These threads are guided, by a 
grooved roller, into the pulp close to the first or feeding roller, which takes up 
the pulp to form the paper, and, by the current of the pulp approaching the 
feeding roller, the threads are brought into contact with it. The third improve- 
ment he effects by affixing to the bottom of a tall, oscillating frame, a series of 
circular revolving cutters ; and when this frame is made to oscillate, and the 
cutters to revolve, they traverse along the edge of stationary cutters, on which 
the paper to he cut is extended, and thus the advantages of a clipping action 
is obtained. 

In a subsequent patent granted to the last- mentioned Mr. John Dickenson, 
in October 1830, for an improvement upon his previously patented machinery, 
his object is to make thicker paper of a better quality than could be produced 
by the existing mechanism. To obtain this result, he employs iwo cylinders 
for taking up the pulp from separate troughs at the same time, from each of 
which a web of wet paper is conveyed, by means of endless felts, to a pair of 
rollers, where they are united by pressure, the subsequent manufacture of the 
paper being completed in the usual manner. To have a clear idea of this 
arrangement, it is only necessary to consider, that a duplicate of the pulp 
cylinder of the common machines is introduced in any convenient situation, 
governed by the localities of the mill ; and that it is actuated by the same 
machinery which turns the first cylinder. 

In the month following the grant of the last-mentioned patent, another was 
obtained by Mr. John Hall, jun., of Dartford, for “ a machine upon a new and 
improved construction for the manufacture of paper,” which we find, by a 
perusal of the specification, to be for precisely the same object as Mr. John 
Dickenson’s ; but the process adopted by Mr. Hall is much more elegant and 
scientific. In order to collect to the surface of the main cylinder of the 
machine a quantity of pulp sufficient to make paper of any reqtured thickness, 
Mr. Hall employs an hydraulic pressure, in The following manner: — the 
cylinder is made to turn in a vessel supplied with pulp on the one side, and 
clean water on the other, which rises considerably on its exterior, and through 
the axis, which is made liollow for the purpose, and has a bent pipe extending 
from it to the lowest part. The water is continually pumped from the interior 
of the cylinder ; and thus, by the difference in the altitude of the water inside 
and outside, an hydraulic pressure will be obtained, variable at pleasure, and 
available in causing a greater or less quantity of pulp to adhere to the surface, 
which is covered with wire-gauze, supported by strong ribs, to admit of the 
passage of the water from the exterior to the interior. 

The next invention we have to notice is by Mr. Wilks, one of the partners of 
the firm of Bryan, Donkin, & Co., engineers of great experience and celebrity 
in this department of mechanism ; they having been almost unceasingly en- 
gaged in the construction of the Fourdrmier, and other paper machines, from • 
their earliest introduction to the present time ; any improvement, therefore, 
emanating from that house, carries with it a recommendation for utility. The 
improvement contemplated by this patentee is the application of an additional 
roller to the Fourdrinier machines. The additional roller is to be perforated, 
and it is intended to facilitate the escape of the water from the pulp web, pre- 
viously to its being subjected to the pressing rollers. • Still more to facilitate 
the abstraction of the water, Mr. Wilks proposes to employ the pressure of the 
atmosphere, by making a vacuum within that part of the perforated roller on 
wliich the paper web rests. The method of making these rollers is described to 
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consist of the following processes : a piece of sheet copper, bra-ss, or other 
suitable metal, is bent and soldered in the form of a tube, whose length is equal 
to the circumference of the intended roller, and whose circumference is equal 
to the length of the intended roller, making an allowance for the waste at 
the ends. The tube is then to be drawn on trcbletts, in the usual manner, 
and afterwards turned truly cylindrical on the mandril, on which it was drawn. 
A series of grooves, eight or ten in number, are then turned half through the 
tube, with a tool the sixteenth of an inch wide, and so made as to make the 
bottoms of the tubes as wide as their tops. The tube is tll^n taken from 
the mandril, cut open, and bent inside out, and soldered in the form of another 
tube, whose length shall correspond to the circumference of the first, thus con- 
stituting a hollow cylinder, with longitudinal grooves inside. It is to be again 
drawn, and turned with grooves to the amount of twenty-four in the inch ; 
these will of course cross the other at right angles, and, being cut half through as 
before, the entire surface will be composed of transverse ridges and rectangular 
perforations. When it is desired to employ the exhausting principle, a secotid 
perforated cylinder is introduced within the first ; the inner cylinder must be 
made smooth inside, that it may fit air-tight upon a sectoral cavity, extending 
from the axes to the circumference, enclosing about an eighth part thereof 
opposite to the place covered hy the web of paper, as it passes over the roller. 
The air is pumped from this cavity tlirough the axis, which is made hollow for 
that purpose by an air-pump of the usual construction. When this method of 
abstracting the water is employed, the roller must be put in motion by a train 
of wheel-work, so arranged that it may coincide precisely with the motion 
through the machine. 

1830. From a perusal of the specifications of patents granted about this 
period, it would appear, that the attention of the manufacturers of paper was 
rather directed to such improvements of the mechanism as were calculated to 
ameliorate and enhance the quality, than to such as might accelerate the process, 
and increase the quantity ; and the ingenuity and talent thus called into action 
by rival manufacturers is deserving of record, were they of less practical utility. 
We shall therefore notice three of their inventions, in the order of the date of 
their patents. The first is Mr. Richard Ibotson’s, of Stanwell, Middlesex. 

Hitherto much difficulty has been experienced in clearing the stuff, or pulp, 
of which paper is made, of the small knots which are invariably found in it, and 
which, if not separated, necessarily deteriorate the quality of the paper. The 
sieves or strainers which have^een generally epiployed for separating the knots, 
have been either so wide in the meshes as to permit the smaller knots to pass 
through, or else they very soon get clogged up ; for it is evident that the fibres 
of which even the finest paper is made are considerably longer than one of the 
meshes in the sieve, and hence they will, instead of passing through, he de- 
posited across the meshes, and immediately render the sieve useless. To remedy 
these imperfections, Mr. Ibotson manufactures his sieves or strainers (which he 
applies to the Fourdrinier machines) of metallic bars, giving the preference to 
gun-metal, made flat on the upper surface, and about half an inch wide, or, at 
all events, of a width greater than the length of any of the fibres in the pulp. 
The bars are strengthened by a projection extending along the middle of their 
lower sides, so that the cross section of one of the bars may be represented by 
the letter T. TJiese bars are in a frame at a distance from each other, cor- 
responding with the intended quality of the paper for which the sieve is to be 
«used. He has designed, however, a very ingenious method of adjusting the 
distances between the bars, so as to make the same sieve answer for the manu- 
facture of paper of difterent qualities : for this purpose he makes ail the bars 
to taper uniformly, and fixes eveiy alternate bar w'ith its narrow end towards 
the same side of the sieve, and he frames the other bars together, but does not 
fix them to the sieve; they are introduced between the fixed bars, with their 
^ narrow ends in a con trSry direction. By this arrangement, it is evident that the 
distances between may be diminished or increased to any degree of nicety, with 
iiie ^eatest facility, bij pushing the fiame of loose bars forwards or back\^ards, 
winch IS effected by means of .idjusting ^ciews. The sieve is to be placed in a 
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trough conveniently situated to receive the pulp from the hog, or machine by 
which the rags are torn to pieces, and agitated into the consistence of pulp. 
One side of the sieve, which is made in the form of a rectangular parallulngrain, 
is attached by hinges to the trough, and the other is connected with a set of 
cam-wheels, by which it is elevated and depressed with great rapidity ; and 
when the sieve gets clogged up by the knots, which it separates from the pulp, 
its surface is to be cleared by a rake or brush, made of hard bristles. This 
seems to be a highly ingenious invention ; and, in the hands of a practical man, 
as it is, it cannot fail to become useful to the public. 

The next patent, dated March 1831, is the invention of Mr. G. W. Turner, 
of Bermondsey, Surrey, which consists, first, in the construction of a new species 
of sieves for separating the lumps and coarse parts of the pulp from the finer 
portion, that the latter only be employed in the fabrication of the paper ; and 
secondly, in a peculiar mode of applying the sieves, so as to supersede the use of, 
and form an improved substitute for the vai and the hog. Mr. Turner describes 
several forms of sieves in his specification, slightly varied, but partaking of the 
same characteristic features. That to which he appears to give a preference is 
of a circular form, and consists of a series of concentric rings of thin metal, 
previously bent into a right angle, but placed with a flat side upwards, like the 
letter L reversed, thus, F F r ; they are arranged in concentric circles, leaving 
between each atnuilar crevices about the fiftieth of an inch wide, and are 
fastened by screws, or solder, to radial arms underneath, proceeding from a 
central block to a peripheral band, which is about 8 inches deep, and 3 feet in 
diameter. The manner in which the sieves are used we will now explain. 
Upon the top of a square vat or cistern is fixed a framed standard, supporting 
in plummer blocks, at its upper extremity, the axis of a vibrating beam ; to 
each end of this beam is suspended, by a rod or spindle, one of the sieves just 
described, the bottoms of which lie, when at rest, upon the surface of the pulp 
in the vat. The rods, or spindles, are jointed to the beam, to allow of their 
moving vertically by its vibration, which is effected by a rod connected to a 
revolving crank, the latter imparting sufficient motion to the sieves to cause 
their bottoms to be alternately lifted out of the pulp an inch or two, and then 
plunged underneath it. To this action of the sieves is added that of a rotatory 
motion, communicated to them from the first mover by means of pulleys fixed 
on their rods or spindles, which pass through centre holes in the standard frame, 
aud are provided with swivel joints between the links that connect them to the 
beam, and thus admits of a rotative as well as a vibratory action, at the same 
time, which tends to dislodge any gross particles that may stick in the inter- 
stices of the sieves, and, at the same time, to disturb and agitate the whole con- 
tents of the vat. Tire pulp, thus reduced to a smooth and homogeneous state, 
flows over a wide lip in the vat, directly on to the endless web or mould, and 
thus supersedes the necessity of the “ hog.” 

In 1832 Mr. John Dickenson took out a patent for the same important 
object, that of obtaining a perfectly uniform aud smooth pulp, in order that the 
paper produced therefrom might be of a firm and even texture ; the process we 
proceed to describe, with reference to the figures on page 254. a a «, Fig. 1, repre- 
sents a section of a vat containing the pulp, which is to be regulated by a 
waste ; at 5 is a false bottom ; c c is a I'otatory cylinder, through which that 
portion only of the pulp that is to be made into paper passes ; the knots, grit, 
S:c. being prevented from entering by the wires which envelope the periphery of 
the cylinder. These wires are arranged spirally by a continuous coil, in the 
manner of a squirrel cage, but so close together as to leave only the one hun- 
dred and fifteenth part of an inch space between them. The wire recommended 
for this purpose is to be drawn of the figure represented in Fig. 2, the narrow under- 
neath side d being fixed ne.xt to the cylinder, where it is to be fastened h\ rivets to 
the longitudinal bars e e, leaving the uniform space between the coils as before 
mentioned, which may, of course, be easily performed byfc gauge. The spaces 
tlirongh which tlie pulp must pass are, therefore, longitudinal slits, two or 
three inches long, and only the one hundred and fifteenth part of an inch wide. 
Tlie ends of the (rliiidoi are clo-ed. cxcrpt at the axes o! iotatioii. winch are 
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formed of large tubes ; through these the fine pulp received into the cylinder 
flows off to the mould on which the paper is formed. As there would be a 
continual liability of the fine interstices of the cylinders becoming clogged, 
unless some me,ans were adopted to prevent it, Mr. Dickenson employs what is 
technically termed a float (though it does not possess that precise character), 
which, by an up-and-down motion, agitates the liquid, and, by changing the 
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course of the current through the wires, throws off whatever has accumulated 
on the outside of them, l^iis float is a close vessel of strcmg copper, of nearly 
the length of the cylinder (four feet), and of the sectional figure seen at// ; an 
horizontal bar passes throughout the lower part of this vessel, and also through 
the tubular axes of the cylinder, beyond the plummer boxes, in which the latter 
turn, where the horizontal bar is fastened to a vertical par A at each end, that 
are connected to a lever whose fulcrum is at k. At / is a double cam, put in 
motion by a gear, in connexion with the wheel that actuates the rotatory 
cylinder ; every revolution of the cam lifts the lever i twice by means of the 
wipers m ot, and, through the medium of A, the copper float yy also, about l:i 
inch each time ; and the “ float” being somewhat heavier than the fluid in 
which it is immersed, falls immediately afterwards, producing the required 
agitation. A second improvement under this patent, consists in the knives 
usually employed in the transverse cutting of the endless^ sheets of paper ; 
these are usually two straight .edged blades, one of which being fixed, and the 
proper length of paper drawn over it, the other descends and divides the sheet 
by a similar action to that of shears. In lieu of the upper moving knife with 
a straight-edge, Mr. Dickenson employs one of an angular form, represented at 
n, Fig. 3, wlWch is brought into contact with the lower fixed one, shown at a. 

A patent for “ certain improvements in sizing, glazing, and beautifijing the mate- 
rials employed in the manufacture of paper, pasteboard,” &c.,was taken out in 1 828 
by Messrs. De Soras and Wise ; and as the process possesses novelty, and is in 
successful operation at the latter gentleman’s mill at Maidstone, we annex the 
following particulars, which we have obtained by a perusal of the specification. — 
A ley is prepared with quicklime, the subcarbonate of soda (or potash), and water, 
in a vessel of white wood, until the alkaline solution shall be of 104“ specific 
gravity, water being’ considered as 100“. With this solution a copper is to be 
about one-third filled, and heat applied, either by naked fire, or by steam ; but 
the latter is, of course, preferable. There is now to he added of white Bleached 
wax an equal weight to that of the solution, and the whole to be stirred until a 
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perfect union or solution of the wax is effected : if, after a boiling of three 
hours, this should not appear to be the case (which will easily be discerned 
after a little experience, and without waiting till the materials have become cold 
to determine the fact), then a little more of the alkaline ley may be added, by 
degrees, to complete the operation : this being done, and while the solution of wax 
is boiling hot, there is to be added more water, in the proportion of four gallons 
to every pound of wax in the solution, and the boiling continued. While this 
is going on, the starch of potatoes, in the proportion of from four to four and a 
half pounds to ev#ry pound of wax employed, is to be separately mixed in a 
gallon of water, and thrown into the copper, which, being stirred up, the whole 
contents of the vessel will almost instantly assume the consistency and colour 
of a very fine white paste, in which state it will keep good in summer for about 
fifteen days. The paste, prepared as above described, is to be used in the 
ordinary way of sizing paper, varying the quantity with the quality of the rags 
operated upon. If the rags be of the coarsest kind, about 3 lbs. of the pasty 
solution to 120 lbs. weight of rag in the pulp will suffice; if of middling fine- 
ness, about 4 lbs. ; and if the very finest rags, about 5 Ihs. of the paste. Pre- 
vious, however, to the mixture being made into paper, a quantity of alum in 
solution, equal in weight to the wax employed, is to be mixed with it. The 
mixture is now ready to be made into paper, either by hand or by machines, in 
the usual manner. After the sheets are formed, it is advisable to dry them as 
speedily as possible by free exposure to the air, and not to hang more than two 
or three sheets upon one another, which should be parted before pressing. It 
is also recommended, that the felts used in the subsequent pressing of the new- 
made paper, be wetted in a weak solution of alum, and squeezed out by the press ; 
and that the sheets of paper be two or three times alternately pressed and 
parted, by which process they wUt acquire a beautifully firm and glossy surface. 
The patentees likewise direct, that the couching felts be not washed out with 
soap, but with the ley, whenever required. Although the weight of the potatoe 
flour is given in the dry state, there is no occasion to dry it (which is a tedious 
operation), but employ it in the moist state, in which it deposits itself at the 
bottom of the vessels. Potatoe flour, in drying, loses 30 per cent, of water ; 
which weight of water should he deducted in calculating the weight of flour 
employed. As several kinds of paper require only small quantities of sizing 
materials, those points must be regulated by the knowledge of the manu- 
facturer. 

The manufacture of stout and beautiful drawing-boards has occupied the 
especial attention of Mr. Steart, of De Montalt paper-mills, Coomb Down, near 
Bath, who received an honorary medal from the Society of Arts, Manufactures, 
and Commerce, for the communication of his process, which we have abridged 
as follows, from the Transactions of the Society . — The extra stout drawing 
papers, or card hoards, as they are usually denominated, are always made by 
pasting several sheets of paper together in the manner of a common pasteboard, 
and afterwards bringing them to a smooth face, by pressing and rolling. The 
pasting is a dirty operation, and the occasion of many defects, some of which 
are fatal to the degrees of perfection and nicety required in a good drawing 
board. Another great defect is, that the far greater part of the drawing and 
writing papers now in use in this country', are of a hollow or spongy texture ; 
this arises from their being made of an indiscriminate mixture of linen and 
cotton, the greater elasticity of the latter preventing its fibres from closely 
uniting with those of the wax ; the consequence is, an irregular surface, and a 
porous, spongy substance, very different from that which an adherence to the 
good old-fashioned practice, of using fine linen rags only in the manufacture of 
superior papers, would produce. The lino-stereo tablet is entirely free from 
these objections for the following reasons : — first, it is not composed of several 
sheets pasted together, but is moulded from the pulp of any required thickness, 
in one entire mass ; thus the risk of pasting is avoided, and so separation of the 
component parts can possibly take place, though wetted ever so often ; secondly, 
instead df being composed of linen and cotton, it is whollyj and solely manu- 
factured from the best and purest white linen rags, most carefully selected, and. 
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consequently, without the aid of chloride of lime, cr any bleaching process 
whatever. 

Hie process , — In selecting the raw materials for the manufacture of the 
lino-tablets, great care is taken to preserve the best and purest white linen rags 
only, rejecting all muslins, calicoes, and every other article made of cotton. 
The linen rags are then carefully sorted, overlooked and cleaned, washed, and 
beaten into pulp, in the usual manner practised by paper-makers of the fir^t 
class. The pulp being ready, and diluted in the vat with the proper proportion 
of pure water, the workman, dipping his mould first into tke vat, takes it up 
filled with pulp to the top of the deckle, and holding it horizontally, and gently 
shaking it, causes the water to subside, leaving the pulp very evenly set upon the 
face of the mould ; having rested it for a moment or two upon the bridge of the 
vat, the compresser, with its face downwards, is now carefully laid upon the sheet 
or tablet, and both together placed in the small press close at hand, where it is 
submitted to a very gentle pressure, in order to exclude a great proportion of 
the water remaining in the sheet ; it is then withdrawn ; the compresser and the 
deckle are then both taken off, and another workman couches it by very dex- 
terously turning the mould upside down, and pressing it pretty hard with his 
hands on one of the fine felts previously laid upon a very level pressing plank, 
by which means the tablet is left on the felt. The mould is then returned to 
the vat-man, who repeats the process as before : the coucher, in the mean time, 
lays another felt upon the sheet or tablet just couched, whereon the second 
sheet is to be laid in the same manner, and so on until all the felts are occu- 
pied ; over which another level plank is placed, and the whole drawn away on 
a small rail-road waggon to the great press, where it undergoes a pretty severe 
pressure. 

The tablets will now be found to have sufficient adhesion to bear handling 
with care, and are separated from the felts, and placed one upon another, so as 
to form the packs ; these packs are to he submitted again to the action' of the 
press, until more water is expelled ; then are parted sheet by sheet, pressed and 
parted again ; and this is repeated as often as is necessary, taking care to 
increase the pressure every operation, until the face of the tablets is sufiBciently 
smooth ; they are then carefully dried, sized, picked, sorted, &c. ; carried to 
the rolling mill, and several times passed between the polished cylinders, to give 
them the last finish. 

The above is the process for the plain or white tablets. In making the 
tinted tablets, the following additional particulars are to be attended to. The rags 
are cleansed, washed, and beaten into half stuff, in the usual way; the water 
being drained off, the pulp is put into a vat with a solution in water of acetate 
of alumiue, or sulphate of iron, as a mordant or ground to fix the colour intended 
to be made ; the whole is well incorporated, and suffered to remain for half an 
hour or more, when the colouring tincture, previously prepared, is added ; after 
which, the whole being returned to the engines, is beaten into fine pulp, and 
then wrought into fine tablets. The dyeing materials chiefly made use of by 
Mr. Steart, are, mangrove bark, quercitron bark, best blue Aleppo galls, sulphate 
of iron, and acetate of alumine. A due combination of these materials pro- 
duce a great variety of drabs, greys, sand-colours, &c. 

An apparatus and process for sizing paper in a more effectual manner than 
it had previously been done, was recently patented by Mr. Towgood, of Dart- 
ford, in conjunction with Mr. L. Smith, of Paternoster-row, London. This 
invention consists in the application of pressure along with the size • which is 
effected by depositing on the surface of a pair of pressure rollers, or’ on one of 
them, if the paper be req^ed to be sized only on one side, a thin uniform film 
of size, which is pressed into the paper as it passes between the rollers. An 
endless felt is sometimes made to pass over each of the rollers, and in that case 
the size will be forced through the felt to the paper. This sizing apparatus 
may be applied eitiier separately, or in combination with a paper machine of 
any construction ; but the form and arrangement of the different applications 
wll necessarily v^jy with the form of the machinery to which it it’ applied. 

he form represented in the following diagram will be sufficiently explanatory. 
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a h represent two pressure rollers, with pieces of endless felts e c c, and ddd 
passing around them, being sup- 
ported and guided by a series of 
fidction rollers e e e and fff; g is 
a small trough with a perforated 
bottom for supplying the surface on 
the surface of the pressure roller 
a; and 4 is a similar trough for 
• supplying size to* the roller i, which 
! transfers its supply to the other 
‘ pressure roller b ; and jj are two 
scrapers for keeping clean the sur- 
faces of the pressure rollers. 

The cutting of paper into sheets 
of any required dimensions as ex- 
actly and expeditiously as possible, 
is an object of great importance to the 
manufacturer ; and as the machine- 
made paper is of considerable greater 
width than is required, it becomes 
necessary to cut it lengthwise. The following is the patented method adopted 
by Mr. Crompton, of Tamworth, in Lancashire, and Mr. Taylor, of Marsden, 
in Yorkshire, according to their enrolled specification, dated 1828. Fig. 1 is a 
side elevation of the machine ; Fig. 2 a plan of the cutters, a is the roller 
upon which the paper (either in the moist state in which it is delivered from 
. the felts when freshly made, or when dry,) is rolled ; b b and c c are two pairs 
of drawing rollers, which conduct the paper first between the circular cutters 




e e, and thence on to the roller d, where it is wound in its divided state. The 
shaft upon which the upper cutter is fixed, is driven by ^y prime mover ; and 
by means of endless bands and pulleys it imparts motion to the upper drawing 
roller^i and c; these two upper rollers turn the two lower, by means of cog- 
wheels at the other extremities of their axes, which gear* into each other ; the 
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upper cutter has in like manner a toothed wheel upon its axis, which tiuns 
another toothed wheel upon the axis of the lower; none of these toothed 
wheels are brought into view in the drawing, to prevent confusion. By the 
revolutions of these parts of the apparatus, the paper, represented by a line g g, 
is drawn from a between the rollers b, is severed at e, and thence is carried by 
the rollers c on to d, by means of an endless band from the latter, as shown. 
In order to accommodate this movement to the increasing circumference of the 
roller d, occasioned by the paper accumulating upon it, the band pulley on d 
is a friction roller, which is set so as to allow of its slipping »>little in its revo- 
lutions. It should also be noticed, that the axis of the lower cutter is not quite 
parallel to the axis of the upper one, by which means the edges of the cutters 
facing the rollers a are brought into contact, whilst the other edges diverge, 
which causes the paper to be more freely delivered from the cutters. The great 
rapidity of this process of cutting is evident. 

Another method of cutting paper of great merit was patented by Mr. Edward 
Newman Fourdrinier, paper maker, of Hanley, in Staffordshire. It consists 
of a series of receiving rollers placed one over the other. The several webs of 
paper to be cut pass over these, are then brought together, and passed over the 
collecting roller equally distant from the others ; and thence, by the aid of an 
endless felt or blanket which passes about a series of guide rollers, they are 
conveyed under the main cylinder of the machine, and delivered to the cutter 
at the opposite side to which they entered. The cutter consists of a machine 
which acts on the principle of shears ; the lower blade being fixed, and the upper 
attached to an arm which vibrates upon a centre, and placed to meet the sta- 
tionary blade at an appropriate angle, so as to produce the best clipping action. 
When a sufficient quantity of the paper has passed over the lower blade to 
constitute the length of a sheet, the upper blade begins to descend ; but pre- 
viously to the blades coming into contact, a holder, consisting of a bar extend- 
ing the whole width of the paper connected with the same vibrating arm, is 
made to press down and hold the paper firm on the lower blade, while the 
cutting is performed. During the operation of cutting, the main cylinder, as 
W'ell as the guide rollers, remain stationary, while an actuating rod returns to 
bring another length of paper. This vibrating rod gives motion to a sector, 
which has on its upper side ratched teeth, that are acted upon by the rod as it 
moves in the direction from right to left, but w hich remain stationary while 
the rod moves in the contrary direction. The sizes of the sheets cut by this 
machine are regulated by an expanding crank, which gives motion to the 
actuating rod, and through that means to the main cylinder, and other parts of 
the apparatus. 

A great many materials as substitutes for rags in the manufacture of paper 
have been at different times proposed ; the bark of the willow, beech, hawthorn 
and lime, the stalks of the nettle and thistle, the bine of hops, indeed almost every 
vegetable substance capable of yielding easily an abundance of strong fibre, have 
been suggested, and excellent paper has been made from some of them ; but 
the introduction of the bleaching process, and the improvements made in the 
mechanism for forming the pulp, having enabled the coarsest linen and cotton 
fabrics to be brought into use, the supply of rags is at present found equal to 
the demand for paper, immense as that is. The rapidly increasing knowledo-e 
of the people in most parts of the world will probably create an increased demand 
for books, and the stock of rags may again become inadequate to supply the 
paper manufacturer, who must again have recourse to other materials : we pro- 
pose therefore to describe three patented processes for this purpose ; namely, 
one for making it of straw, another for the employment of moss, Ld a third for 
the use of solid wood. 

Mr. Lambert’s process for making paper of straw- is as follows: — Having 
collected a quantity of straw-, all the Joints or knots are to be cut away-, and 
the remainder boiled^^with quickhme in water, lor separating the fibres, and 
extracting the mucilage and colouring matters. (Instead of quicklime in this 
part of the process, caustic, potash, soda, or ammonia, may be employe;!.) It 
en to be washed in clear water to get rid of the colouring matter and lime, 
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and afterwards subjected to the action of an hydro-sulpburet, composed of one 
pound of quicklime, and a quarter of a pound of sulphur to every gallon of 
water, for the more eifectual removing of the mucilaginous and silicious matters. 
After this, the material is to undergo several successive washings in different 
waters, to get rid of the alkaline and other extraneous matters, which may be 
conveniently effected by beating in the ordinary paper-mill. When no smell 
of sulphur is left, the water is to be squeezed from the fibrous material by 
mechanical pres^ue, and then to be bleached by chlorine, by exposure on a 
grass-plot, or any other convenient and well-known means : it is then to be 
washed again, to get rid of the bleaching ingredients, next to be reduced to 
pulp by the common apparatus for the purpose in a paper mill, and then 
moulded into sheets. The subsequent operations are, in other respects, similar 
to paper made from the usual substances. 

Moss Paper. — Mr. Nesbit, of Upper Thames-street, had a patent in 1823 
for the fabrication of a coarse kind of paper, especially applicable to the sheath- 
ing of ships, in the manner that the tarred brown paper is usually applied. The 
material is a peculiarly soft kind of moss, which grows abundantly in the ditches 
and low grounds of Holland. In that country, and in several of the northern 
states of Germany, paper made from this material is employed as a covering to 
the bottoms of ships, between the wood and copper sheathing, and is found to 
be peculiarly serviceable in preventing leaks ; owing to its absorbent quality it 
sweOs up, making a close and firm packing under the copper. The manufac- 
ture of paper from this substance is exceedingly simple. The moss is first to 
have the adhering earth washed from it, then to be chopped in short pieces 
(about half an inch long) in a similar machine to a tobacco cutting-mill ; after 
this it is to be soaked for several hours in water, then formed into sheets in the 
ordinary way between moulds, placing each sheet between woollen cloths ; in 
this state they are to be subjected to mechanical pressure, afterwards thoroughly 
dried, and lastly, pressed again between sheets of brown paper, (placed alter- 
nately,) when the manufacture is completed. 

Paper from Wood . — This process is the subject of a patent lately granted in 
the United States. The shavings of wood are to be boiled in water, with from 12 
to 18 parts, by weight, of common alkali, which reduces the wood to a mass of 
fibres, adapted for conversion into paper by the ordinary means. One hundred 
pounds of wood, the patentees state, will make from five to seven reams of paper. 

Ifonj Paper is described under the word Ivory. Paper hangings being made 
of ordinary paper, subsequently stained or printed, are noticed under the head 
ST-VINI-XQ. 

PAPIER-MACtlE. A name given by the French to an artificial substance, 
applied to many useful and elegant purposes. It is made of the waste cuttings 
of paper, boiled in water, and beaten to a pulp in a mortar. It is afterwards 
mixed with size to give tenacity to the paste, and when brought to the proper 
consistency it is pressed in moulds of an infinite variety of forms ; and thus 
made into tea-boards, trays, snuff-boxes, &c., which are afterwards coated with 
pigments, varnished and ornamented. 

PARAGRANDINE. A new invention, the object of which is to avert hail- 
storms, acting in the same manner as the electric conductors for obviating 
danger from lightning. la this climate the hail is seldom so violent as to occasion 
any very serious losses ; but in many parts of the continent it is dreaded as the 
most destructive enemy of the husbandman, and has given rise to the establish- 
ment of insurance companies, to compensate the sufferers. The inventor of the 
paragrandine is a Signor Apostollu. One of the latest accounts of its beneficial 
effects was published by Antonio Perotti, who states, that having, on a piece of 
land belonging to himself, containing 16,000 perches in e.xtent, fixed up several of’ 
the paragrandines, he bad the satisfaction to find that no injury was done by hail 
to the corn, and very little to the vines, although no less than fourteen storms had 
occurred in the current year, five of which appeared to tlweaten great mischief 
to his fields, but passed over them, and fell on the neighbouring lands. These 
instruments are composed of metallic points and straw rqpes, bound together 
with hempen or ttaxen threads. Dr. Astolfi relates that in a hail-storm the 
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clouds were seen to disperse on passing over lands protected by paragrandines. 
A notice contained in an official report to the Milan government by the Gon- 
falonieve of St. Pietro, in Casale, ^so states, that during a stormy day, when 
there were many claps of thunder and flashes of h'ghtniug, he went out to 
observe the effects of the paragrandine, and noticed that the electric fluid was 
attracted by the points of straw in the apparatus, around which the flame 
played in graceful curves ; while in the adjoining field, not protected by the 
paragrandine, much rain fell, and the lightning did considerable mischief. 
We have thought it proper to introduce this notice of a foreign invention, as 
it appears to be capable of beneficial application in this country in the protec- 
tion of agricultural produce collected in stack-yards. 

PARALLEL MOTION. A term applied by practical machinists to an 
arrangement of parallel bars, by which the alternating rectilinear motion of a 
piston rod is made to work harmoniously with the alternating curvilinear motion 
of a rocking beam. As the beam of all engines vibrates upon a centre, of course 
it performs portions of a circle with each of its extremities ; and as the rod of a 
piston is required to move up and down in a straight line, it cannot be imme- 
diately attached to the end of the beam ; hence the necessity of the intervening 
mechanism called the parallel motion. There are many methods of efiecting 
this motion in general use ; and ingenuity may devise many more of equal or 
superior merit. In single engines of the old construction, where the action was 
&puU at both ends of tlie beam (at the one end by the weight of the pump rod, 
and, at the other, by the downstroke of the piston), a chain was affixed to the 
upper part of the curved ends of the beam, and to the pump and piston rods, 
which answered the purpose very well, and is still much used for similar pur- 
poses ; but in double acting engines, where the piston rod pushes upward, as 
well as pulls downward, some other mode of action is required. The first plan 
employed by Bolton and Watt was to place a toothed sector on the end of the 
beam, the length of the radius being equal to the distance between the axis of 
the beam, and a vertical line passing through the centre of the piston rod ; and 
on the upper part of the piston rod was placed a rack, which acted upon the 
sector, and forming a tangent to it, preserved the rectilinear motion of the 
piston rod throughout the stroke. A much superior method of efiecting this 
was afterwards devised, to which the name of paraRel motion more justly 
belongs ; it consisted of an arrangement of parallel rods moving on circular 
axes, the principle of which may be thus briefly explained : — If a bar be so 
confined by other bars that the motion of the end o, in a right line, causes the 



^ describe a certain curve, it follows, on the other hand, the motion 
le curve will cause a to describe a right line. To apply this to the case 
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before us, let a i c represent the beam of an engine at the highest point of the 
stroke ; a d its position at the middle of the stroke ; and «/ its lowest position : 
eg and bh are two side rods, suspending the hsx gh, parallel to abc; gkl a 
right line, in which the bar g moves in a groove ; then, when the end of the 
beam c is at (i, the end j of the bar g h will be at k ; and as A is parallel to a d, 
the other end h of the bar g k will be at m ; and when c arrives at /, g will be 
at I, and h at n ; the point Ti, therefore, will have described a curve, in a right 
line, passed through the points gkl; if, tlierefore, the groove in which the head 
of the piston rod* moved be taken away, and the end h of the bar g h he 
jointed to a radius bar, describing a circular arc passing through the points 
hmn, then the end g, of g h, to which the piston rod is attached, will move 
through the points gkl, and the whole path of the piston rod will differ very 
little from a right line. The small deviation from a right line arises from the 
circumstance, that the curve described by the end k is not exactly a circular arc 
when g moves in a strictly right line. To find the length and centre of motion 
of the radius bar with any distance in the compasses, and on the points hmn, 
describe arcs intersecting each other ; and through the points of intersection 
draw lines cutting in o ; then o « will be the length of the radius bar, and o its 
centre of motion. 



The parallel motion in general use in steam-boats is represented in the fore- 
going diagram. The length of the radius bar and the centre of motion may 
ea.sily be found, as in the former case, by supposing the piston rod to move in 
a right line, and finding three points, through which a point in the side rod 
(assumed at pleasure) would pass in the highest, lowest, and middle position of 
the piston rod ; then a circle, which passes through these points, will give the 
radius and centre sought ; and the point assumed in the side bar will be the 
point for its connexion with the radius bar. abc, part of the beam ; c g and 
b h side rods ; g the point of junction of the piston to the side rod eg; and m o 
the radius bar. 

In portable engines without a beam, the cross on the head of the piston rod 
has usually on its ends friction wheels running between guides ; but we prefer 
the parallel motion introduced in Lloyd’s portable en^ne, described hereafter, 
as it affords a convenient method of working the air pump and cold water 
pump. The principle of the parallel motion in this engine will be understood 
by reference to the following diagram, abc represent a bar corresponding to 
half the beam of an engine, c kf the path of the piston rod, and b k the 
radius rod ; now the radius rod, and the two portions of t^e beam a b, and b c 
being respectively equal, if a move in a right line towards g, c will move in the 
line c ipand if a be connected to a rocking bar a c, which, from its length, or 
its small angular motion, describes an arc g a, differing but' little from a right 
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line ; and a side bar or strap h h, and the parallel bar h e being added, the 
centre of bh will be the ])oint of suspension for the rod of the air pump, and 
the rod of the cold water pump may be suspended from the parallel bar h e. 



PARALLELOGRAM OF FORCES. A term used to denote the com- 
position of forces, or the finding of a single force that shall be equivalent to 
two or more given forces when acting in given directions. 

PAR.\LLEL RULER. An instrument for drawing lines parallel to each 
other. The simplest parallel ruler is the common cylindricm ruler of the 
counting-house, represented at Fy. 1 ; it serves 
very well for common purposes, where great 
exactness is not required. Pig. 2 is the 
common parallel ruler, consisting of two flat 
rulers connected together by two small brass 
levers jointed at their extremities; the mode 
of using this instrument is too obvious and too 
well known to need explanation. An objection 
to the latter, of the bar moving circularly 
sideways, is obviated in the instrument repre- 
sented at Fig. 3 ; the bars in these being 
crossed and connected at the point of inter- 
section by a joint, and two of the ends sliding 
in grooves, as seen at 6 6, causes the rulers to 
move uniformly straight, or at right angles 
with their length. Fig. 4 exhibits another 
arrangement in use, whereby a similar recti- 
linear motion is produced by two pair of short 
bars, connected to an intermediate slip c, 
which, when the ruler is closed up, exactly 
till up the cavity between the pieces on either 
side. Fig. 5 represents another parallel ruler 
of great convenience and utility. It is 
usually made of black ebony, with slips of 
ivory at the edges, divided into inches and parts ; a hole is cut through the ruler 
at e e, in which revolve two little brass wheels, pnjecting about an eighth of an 
inch from the under surface, and upon which the ruler is rolled, steadily held in 
the middle by the left hand, whilst the draughtsman draws the lines with his rii^ht. 
The brass wheels are fixed to a steel spindle, which turns in brass bearings at 
its extremities ; between each bearing and brass wheel there is a little ivory 
cylinder, divided into equal parts, which revolves with the latter, and shows 
precisely the quantity of motion in the ruler, and thus enables the draughtsman 
lines at' equal or any desired varying distances apart. The steel 
niore recently constructed rulers are cased over with ebony, 
'' PARmfrw convenient as well as more durable. ^ 

RUCKLE. A term given to a contrivance whereby a cask, &c. is 




PARTING. 


263 


raised or lowered without a crane or pulley tackle ; it is formed by passing the 
middle of a rope round a post or ring, or under a boat’s thwart ; the two parts 
of the rope are then passed under the two quarters of the cask, bringing the 
two ends back again over it, which, being both hauled or slackened together, 
either raise or lower the barrel, &c., as may be required. 

PARCHMENT. A durable material, prepared from the skins of sheep and 
goats, but chiefly the former, and employed for writing upon, the covers of 
books, and various other purposes. The skin is stripped of its wool, and passed 
through the lime-Jit. The skinner then stretches it on a frame, perforated lon- 
gitudinally with holes furnished with wooden pins, that may be turned at plea- 
sure, like those of a violin, to stretch the skin like a drum-head. The skin being 
thus sufficiently stretched on the frame, the flesli is pared off w'ith a sharp instru- 
ment ; it is then moistened with a rag, and white chalk, reduced to a fine dust, 
strewed over it ; then, with a large pumice-stone, the workman rubs over the 
skin, and thus scours off the remains of the flesh. They then go over it again 
with an iron instrument, moisten it as before, and rub underneath with pumice- 
stone, without any chalk ; this smooths and softens the flesh side very con- 
siderably. They drain it again by passing over it the iron instrument as 
before. The flesh side thus drained, they pass the iron on the hair side, then 
stretch it tight on the frame by means of the pins, and go over the flesh side 
again with the iron ; this finishes its draining ; the more the skin is drained the 
whiter it becomes. They now throw on more chalk, sweeping it over with a 
piece of lamb-skin that has the wool on ; this smooths it further. When dried 
it is taken off the frame by cutting all round. The skin thus far prepared by 
the skinner, is taken by the parchment-maker, who first scrapes or pares it dry 
on the summer (which is a calf-skin stretched in a frame) with an iron instru- 
ment like that above mentioned, only finer and sharper ; with this, worked with 
the arm from the top to the bottom of the skin, he takes away one-half of its 
thickness; and the skin thus equally pared on both sides, is rubbed with the 
pumice-stone to smooth it. This last preparation is performed on a bench, 
covered with a sack stuffed with flocks, and it leaves the parchment fit for 
writing upon. Vellum made from the skin of sucking-calves possesses a finer 
grain than parchment, but prepared in the same manner without being passed 
through alum water. 

P.\RT1NG, in Metallurgy, is an operation by which gold and silver are sepa- 
rated from each other. In this sense it is the same with refining metals, or obtain- 
ing them in a pure state. Gold and silver are called perfect metals, because 
they are capable of withstanding the action of very strong heat. AU other metals 
are reduced to the state of oxides when subject to fire with access of air. Gold 
and silver may, therefore, be purified from baser metals by keeping them melted 
till the alloy be destroyed ; but this process is tedious and expensive, from the 
great consumption of fuel. A shorter and more advantageous method of 
refining gold and silver has been discovered. A certain quantity of lead is put 
into the crucible with the alloy of gold and silver, the whole is exposed to the 
action of the fire ; and the lead being quickly converted by heat into an oxide, 
which is easily melted into a semi-vitrified and powerful vitrifying matter, called 
litharge, we have only to increase the proportion of imperfect metals ; and, by 
uniting with these imperfect metals, it communicates to thenr its property of 
being very easily oxidated. By its vitrifying and fusing property, exercised 
with force upon the calcined and naturally refractory parts of the other metals, 
it accelerates the fusion, scorification, and separation of these metals. In this 
operation the lead is scorified, and scorifies along with it the imperfect metals. 
It separates from the metallic mass, floats upon the surface of the melted mass, 
and becomes vitrified ; but as the litharge would soon cover the melted metal, 
and, by preventing the access of air, prevent the oxidation of the remaining 
imperfect metals, such vessels are employed as are capable of imbibing and 
absorbing in their pores the melted litharge, and thus reqjoving it out of the 
way ; or, for large quantities, vessels are so constructed that the fused litharge,- 
besides»being soaked in, may also drain otf through a channel made iu the 
comer of the vessel. Vessels made of hxiviated wood, or IJoue ashes, are must 
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proper for this purpose. These vessels are called cupels, the process itself cupel- 
lotion. The cupels are flat and shallow. The furnace should be vaulted that, 
the heat may be reverberated upon the surface of the metal during the opera- 
tion. A crust or dark-coloured pellicle is continually forming upon the surface. 
When all the imperfect metal is destroyed, and the scorification has ceased, the 
surface of the perfect metal is seen clean and brilliant, forming a kind of ful- 
geration called lightning. By this mark the metal is known to be refined. 

PASTE. Glass prepared in imitation of gems. The basis of all artificial 
gems is a very hard and pure silica, obtained by melting potnded quartz with 
an alkali, with the addition of borax, nitre, and different metallic oxides, accord- 
ing to the intended colour of the gem. The materials should be of the purest 
kind, finely pulverized, well sifted, melted in crucibles of the best quality, and 
the fusion should be continued in a potter’s furnace for twenty-four hours ; the 
more tranquil and continued it is, the denser the paste, and the greater its 
beauty. The following are the ingredients, with their proportions, employed in 
the formation of some of the artificial gems. For what is called simply paste 
or strass, there are four difierent mixtures. 


PASTES. 

1. 

2. 

3. 

4. 

Rock crystal . . . 

. -318 

■3170 

•300 


Minium 

. -490 

■4855 

•565 . 


Pure potash. . . . 

. -170 

■1770 

■105 

•054 

Borax 

. -021 

•0200 

■030 


Oxide of arsenic . . 

. 001 

.0005 



Litharge 




•540 

Ceruse 




•406 


1-000 

1 -0000 

1-000 

1-000 


For topaz, there are the two following methods : — 


FIRST. SECOND. 

Strass, (white paste), .... •95816 -990 

Glass of antimony ’04089 

Purple of cassiua '00095 

Oxide of iron ‘10 

1 00000 i-000 


For ruby strass ’9755 

Oxide of manganese .... -0245 

1-0000 


For emerald , — 


Strass, (white paste). 
Green oxide of copper 
Acetate of copper . 
Oxide of chromium . 
Peroxide of iron . . 


•9b7iZ -9905 
•01200 

•0080 

■00057 

•0016 


1-00000 1-0000 


For sapphire , — 

Very white strass -9855 

Oxide of cobalt -0145 


1-0000 
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For amethyst, rrnsT. second. 

Strass ‘9870 .9979 

Oxide of manganese .... '0078 ‘0022 

Oxide of cobalt '0050 '0001 

Purple of Cassius -0002 


1-0000 1 0000 


For beryl, or aquamarine, 

Strass -9926 

Glass of antimony -0070 

Oxide of cobalt -0001 


1-0000 


For Syrian garnet, 

Strass -6630 

Glass of antimony -3320 

Purple of Cassius -0025 

Oxide of manganese .... -0025 


1 0000 


PASTE. A mucilaginous preparation of vvheaten flour, incorporated with 
water by boiling. Sometimes powdered resin is mixed with it ; also gum arable, 
size, &c., according to the peculiar wants of the artist or manufacturer. Alum 
is also considered to increase its cementing property. 

PASTEBOARD. A thick kind of paper, made by pasting several sheets 
togetlier, which are afterwards pressed or rolled, to give the fabric firmness and 
evenness of surface. 

PASTIL. A dry composition of odoriferous resinous matters, commonly 
employed to bum in chambers, to sweeten the air. 

PATENT, or Letters Patent, is a writ or grant in the king’s name, and under 
the great seal, designed to secure to the proprietor of any new invention the 
monopoly of its advemtages for the term of fourteen years ; but this term is some- 
times extended, under extraordinary circumstances, by act of Parliament, to a 
longer period. The term patent is also applied to the right conveyed, as well as to 
the instrument conveying it. Monopolies, unless granted for a limited period, and 
with the vie w to the ultimate benefit of the public. During the reign of Elizabeth, 
many unmerited monopolies had been granted, which bad so prejudicial an effect 
upon the commerce of the country, that, towards the end of that monarch’s reign, 
the clamour was so loud and general as to induce her to send a message to Par- 
liament, announcing her intention to immediately cancel the most oppressive of 
the exclusive privileges she had granted. But however just may be the feelings 
of opposition to monopolies in general, it wUl be readily allowed, that a patent for 
a new invention, for a few years, is only a just and reasonable compensation to 
the inventor, who is thus enabled to mature his discovery, and give it to the 
public, at the termination of his monopoly, in a perfect or highly improved 
state. And were it not for the exclusive privilege thus granted, many impor- 
tant inventions, that ultimately prove beneficial to the public, would never be 
persisted in, but entirely fail ; as that powerful incentive would have no 
existence, which induces ingenious men to study and labour incessantly, and to j 
expend large sums of money to bring their inventions into practical operation. 

'The basis of the present law of patents is derived from the 21st of James I., 
ch. 3, which is regarded as the declaration statute ; and the sixth section of this 
statute states, that patents for new inventions are exceptions to the general law 
of the statute. The general law is, that all monopolies, and all commissions, 
grants, licenses, letters patent, &c. for the sole buying, sglling, making, using, 

&c. of any thing, shall be void ; the excepting clause declares, that “any decla- 
ration*before mentioned shall not extend to any letters patent, and grants of 
privilege, for the term of fourteen years or under, hereafter to be made, of 
^the sole working and making of any manner of new manufacture within this 
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realm, to the true and first inventor or inventors of such manufactures, which 
others, at the time of making such letters patent and grants, shall not use, so 
as also they be not contrary to law, nor mischievous to the state, by raising the 
prices of commodities at home, or hurt of trade, or generally inconvenient” 

The great importance of the subject of patents to engineers, machinists, and 
manufacturers in general, renders it desirable to extend this article to an account 
of the process of obtaining a patent ; abo the nature and conditions of the grant, 
and the expenses attending it ; which information the writer of this article and 
compiler of the work is enabled to aflfbrd with perfect accuracy, he being pro- 
fessionally a patent agent. It is by no means necessary that the applicant for 
a patent should employ an agent, — he may solicit the grant himself ; there are, 
however, but few persons whose experience and knowledge of the matter suffi- 
ciently qualifies them to transact the business of a patent with security to their 
own interests. 

Thejfirst thing an inventor should attend to, is to endeavour to ascertain if he 
has not been anticipated by others, which is not an unfrequent occurrence, 
although rarely discovered until too late to benefit by it; owing, perhaps, to the 
injudicious flattery of friends, or the ignorance of legal advisers in matters of 
invention or discovery. Having determined.the invention to be entirely origi- 
nal, and that it is calculated to compensate him for the expenses of a patent, 
the inventor’s first step to obtain one, is to make an affidavit of the fact of his 
invention before a Master in Chancery, if in London, or if in the country, before 
Master Extraordinary, in the following form ; the words in italics being assumed 
to afford precise examples. 

(Form.) 

“ John Smith, of Birmingham, in the county of Warvheh, Iron Founder, maketh 
oath, and saith, that he hath invented ‘ certain improved forms of apparatus for 
the transmission and distribution of heat, the generation of vapours, and other pro~ 
cesses,' which he believes will be of public utility ; that he is the first and true 
inventor thereof; that the said invention is entirely new, having never been 
practised nor used by any other person or persons, to the best of his knowledge 
mid belief. (Signed) “ John Smith. 

“ Stuom at the Public Office in Southampton 
Buildings, this Gth dag March, 
before me, “ H. Cross.” 

Before, however, the afiadavit is made or acted upon, the inventor should 
well consider the nature and words of the title or designation of his ^invention, 
for many patents have been annulled owing to the improper wording of the 
title. The law requires, that it shall form a true index to the specification ; yet 
if it be so clear as to call the attention of rivals, and enable them to discover the 
secret of the invention, before the patent has passed the great seal, the patentee 
may lose his privilege as well as his money. If, on the other band, the title should 
be so obscure as to incur the danger of a court of justice afterwards ruling that it 
is an imperfect definition of the invention, he will ^so forfeit his privilege. Lord 
Cochrane was thus most arbitrarily deprived of his patent right for the admi- 
rable street lamp which bears his name, owing to his having entitled the patent 
an “ improved method of lighting cities, towns, villages.” Now when it is 
considered that no security whatever is afforded to the applicant until his patent 
has passed the great seal, and that he is, during this period, by too explicit a 
title, liable to be robbed of his right by impostors, the harshness and injustice 
of the decision just mentioned becomes very apparent. Latterly, however, the 
judges have been somewhat more tender of the rights of patentees, to which 
improved conduct the writer perhaps indirectly contributed. He was opposed, 
during the passing of a patent for some gentleman, on the ground of the studied 
obscurity of the tide, and he was requir^ to render it more explicit ; this, how- 
ever, he declined doing, as a compliance would be equivalent, in effect, to a 
publication of tbe specification, as it was for one of those simple discoveries in 
a word more of explanation would have exposed the object to thosli from 
whom it should be kept secret. This fact he satisfactorily proved to the Solicitor 
General, who admitted the^ necessity of the course taken, and the opposition^ 
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was defeated. It was at die same time respectfully intimated to the Solicitor 
General, that if any additional information in the title were insisted upon, the 
patent would be declined altogether, and the intended manufacture be removed 
to France, where security against piracy would be afforded at the instant of 
lodging a petition. The case mentioned is, however, an extreme one, and of 
rare occurrence ; in most cases there is no difficulty whatever, though prudence 
dictates, that so important a step as the proper definition of an invention, on 
which the patenj-right is founded, should be well considered. 

The next step is to draw up a petition to the king, which contains a reitera- 
tion of the affidavit, and prays for the grant of the patent “ for the term of 
fourteen years, according to the statute in that case made and provided.” Here 
it becomes necessary to explain that patents for England, Ireland, and Scotland, 
are entirely separate and distinct from each other ; and that when it is required 
to extend the grant to the British possessions abroad, the latter are included 
under the patent for England, at the additional cost of about five pounds. Sup- 
posing the application be for England alone, the prayer of the petition is 
expressed for “ England, Wales, and the town of Berwick-upon-Tweed;” and 
should the Colonies be desired (which is rarely advisable), it is only necessary 
to add to the words just quoted, “ and all your Majesty’s Colonies and Planta- 
tions abroad.” The petition, with the affidavit, is lodged at the office of the 
Secretary of State for the home department, for the king’s pleasure, who directs, 
or rather is presumed to direct, the Secretary of State to refer the matter to 
the Attorney or Solicitor General for his advice thereon ; the petition is, accord- 
ingly, endorsed with such reference, and signed by the Secretary of State, 
and, upon the payment of the fees, delivered to the applicant, who uses his 
discretion as to whether he had best take it to the Attorney or Solicitor General, 
being guided in his decision by the probability as to which of the two will 
execute the business with the least delay, and in the manner most satisfactory 
to the applicant. Upon receipt of the king’s reference at either of the before- 
mentioned legal functionaries, the clerk examines the caveat book, to ascertain 
whether there be any existing caveats against the granting of a patent for a 
similar object to that expressed in the applicant’s petition. If there be none, 
the clerk takes the earliest opportunity of drawing out the report in the usual 
fonn, to he ready for the examination and signature of his principal. The 
report thus completed, is, upon payment of the fees, delivered to the appli- 
cant, who transmits it to the king, through the medium of the Secretary of 
State’s office. Before attending to what is done with it there, it is proper to 
notice the proceedings that would be taken in the case of there being inter- 
fering caveats ; — and we may observe, by the way, that there are always 
numerous caveats against such inventions being patented as that expressed in 
the example of the affidavit we have furnished. Under these circumstances, the 
Attorney General’s clerk (whose office, we will suppose, we have entered by 
preference,) writes a circular letter to each of the caveatees, informing them of 
the application, and adding this injunction, — “ Should you consider the above 
to interfere with your caveat of [mentioning the date], an answer, post-paid, is 
requested within seven da}’s of the date hereof, otherwise the patent wilt pro- 
ceed.” When the seven days have expired, and none have thought proper to 
answer, the applicant is entitled to his report; but should any answer, or 
“ oppose,” as it is called, such opposer must deposit with the Attorney General’s 
clerk a sum eqtiivalent to the expense of the hearing and the summonses 
(generally under five pounds). The Attorney General afterwards appoints a 
day when he will hear the rival inventors, or their agents, (and to these are 
sometimes added counsel, who are, however, generally only an incumbrance in 
nice points relating to practical mechanics,) and each of these is summoned for 
the appointed day. When met together, the Attorney General first calls in the 
applicant, or his agent, who explains to him alone, and confidentially, the 
nature of his invention, and the leading points upon which he rests his claim 
of oririnality. The caveatee, or caveatees, are next heard in privacy; and if 
the Atmmey General cannot make up his mind upon the fi-.>st hearing, the rival 

J arties are called in again alternately-, and re-examined until he is satisfied. If 
e finds the inventions to be essentially alike, he reuses the patent to either 
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individually, but offers them a joint patent, if they will unite their interests in one : 
this recommendation, though rarely, has been sometimes adopted, and attended 
with advantageous results. In the case of the inventions being essentially different, 
the opponent is told so, and the applicant receives his report. A few days 
after this report has been delivered to the Secretary of State, a royal warrant is 
prepared, which is signed by the king. This warrant, which recites the prayer 
of the petition, the legal advice given to His Majesty, and other matters of form, 
concluding with directions to the Attorney Gener^ to prepare a bill for His 
Majesty’s signature, is taken to the Bill-office (an office exclusively appropriated 
to the engrossing of patent bills, under the superintendence of the Attorney 
General,) where it is prepared in the coutse of a few days, or a week, and then 
delivered to the applicant, who takes it to the Secretary of State, to obtain the 
king's signature to it. The king having signed it, it is called the “ King’s- 
bill,” and is next taken to the Signet-office, which, having passed, it is denomi- 
nated the “ Signet-bill.” Hence it is conducted into the Privy Seal-office, where, 
having received the privy seal, it is baptized the “ Privy Seal-bill,” and is con- 
ducted to the Great Seal-office to receive the great seal, or finishing stroke. 
Formerly it had a more tortuous course of manufacture, having to go through 
a process at the Hanaper-office ; but although this one of the many absurdities 
has been got rid of, the hanaper fees are sBll extorted, being made payable at 
the Great Seal-office before the patent can be obtained. We should here notice, 
that caveats are sometimes entered at the Great Seal-office ; but opposition made 
by virtue of them, to the sealing of a patent, b made so expensive to the 
caveatee as to be now but rarely acted upon. 

In the letters patent which are granted for new inventions, the improvements 
or inventions are first stated ; the prayer of the petitioner to have the exclusive 
benefit for himself, or his assigns, for fourteen years, is next given, and this 
prayer is declared to be complied with, according to the statute. After com- 
manding all subjects not to interfere with the patent right, and issuing a man- 
date to all officers not to molest the patentee in the exercise of it, the letters 
patent declare the patent void if it appear that the grant is contrary to law, or 
prejudicial to the subject ; or if the thing invented have been in use before the 
date of the grant, or if the patentee be not the inventor, or if it interfere with 
prior letters patent, or if the patent be transferred to more than twelve persons 
(lately increased from five to twelve), or to any who act as a corporate body ; 
or, finally, if the nature of the invention be not described, or the description or 
specification be not enrolled within two calendar months after the date of the 
letters patent. The letters patent conclude with a declaration, that they shall be 
construed in the most beneficial sense for tbe patentee. 

It will be observed, that the period allowed for the enrolment of the specifi- 
cation, is but two months for an English patent only ; but if the patentee 
declares in his affidavit that it his intention to solicit patents for Scotland and 
Ireland also, then he is allowed six montlis to prepare his specification ; and if 
he declares for only one of these countries in addition to England, four months 
are allowed. These periods are, however, sometimes extended upon a special 
affidavit, and a petition to the Attorney General, setting forth the necessity of 
the extension. As an instance, we had occasion to solicit a patent for a gentleman, 
who discovered that the kernel of the palm-nuts, previously thrown away as 
valueless, contained more valuable oleaginous matter than the outer rind, from 
which the oil was usually extracted ; and although the process for obtaining the 
oil could be specified by the operations that had been made upon a small quan- 
tity, still it was of importance that the public should be informed, through the 
medium of the specification, of the best mode of procedure on the large scale, 
to determine which, it was necessary to procure a supply from South America ; 
on this plea, we procured twelve months to specify. However long a period a 
patentee may have to specify, he rarely finds it too much ; very frequently, 
indeed, he is unprepgred to supply all the details in a satisfactory manner to 
himself when he is required to complete his specification. For these reasons, 
we always recommend our clients to express in their affidavits that it^s their 
intention to take out patents for the three kingdoms, if they have the remotest 
intention of so doing, as ^ley thereby obtain six months to specify, which is 
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positive advantage. The expression of an intention is not consiuereu as obli- 
gatory to do otherwise than just as the interest of the party may afterwards 
dictate ; and when a patentee declines taking advantage of the longer term to 
specify, he exposes himself to the liability of being robbed of his invention by a 
rival ; thus, — suppose A to have obtained in J une a patent for improvements in the 
steam engine, and to have six months to specify. B invents other improvements 
in the steam engine, which he patents in July, and has only two months to 
specify ; B.’s specification is enrolled in September ; then A goes to the office 
and reads it, obChins, if he pleases to pay for it, an office-copy, takes it home 
with him, and inserts, at his leisure, the whole, or as much of it as he pleases, in 
his specification that is due in December; now as A has a prior claim by the date 
of his patent, B is irremediably robbed of his invention and his patent right too. 

In obtaining a patent for Scotland, the first proceedings are the same as for 
England, but the petition is referred to the Lord Advocate, upon whose report 
the king issues his warrant, and the remaining business is executed in Scotland 
without requiring the king’s signature to the bill. Four months is the time 
allowed to specify a Scotch patent The patent is written in the Latin language. 

In soliciting an Irish patent, the affidavit and petition is sent with a refer- 
ence from the King to the Lord Lieutenant at Dublin ; but as his lordship knows 
nothing of such matters except the fees they conduct into his pocket, he refers 
the never-discussed point of the propriety of granting the patent, to the grave 
consideration of the Irish Attorney and Solicitor General, both of whom sign 
their names to a lithographed report, for doing which they pocket an enormous 
fee. The subsequent proceedings are nearly similar to those of an English 
patent, excepting that they are much longer in completion. 

The time required for completing an English patent under the most favour- 
able circumstances, that is without opposition, is three weeks ; but by the pay- 
ment of additional or “ expedition” fees, it may be done in a fortnight by an 
active agent A Scotch patent takes also about three weeks; but an Irish 
patent takes full six weeks. Before the period when Mr. Stanley came into 
office, as Secretary for Ireland, it was difficult to get an Irish patent completed 
in six months ! 

The cost of patents for England, Scotland, and Ireland, are stated in a 
printed report of the Committee of the House of Commons, to be as follows 


£ I. d. 

For England, to one person only 106 11 8 

„ if to two persons, an additional . 20 0 0 

„ if the Colonies be included . . 5 0 0 

For Scotland 79 10 5 

For Ireland 123 511 


The expenses of the specification are to be added to the foregoing, which 
depend entirely upon its length, the trouble of preparing it, and the quantity of 
drawings. It cannot be less than ten pounds ; and the average cost may be 
stated at about twenty pounds each, though there have been instances of the 
costs exceeding one hundred pounds, when it has been necessary to describe 
minutely very extensive mechanism, accompanied by numerous elaborate 
drawings. The expense is frequently much increased by the inventor not 
having well digested all his plans, and working drawings having to be made 
out by the head and from verbal descriptions, which generally require much 
alteration and study before they are complete. A material part of the before- 
mentioned costs of specifications, consists in the stamps and enrolment fees, ^ 
amounting, we thiiik, to about half of the whole ; the remaining half 
forming the compensation to the agent employed to write, making out the 
drawings, &c. of the specification. But if the patentee feeb himself competent 
to execute thb task in a proper manner, he may save himself this half of the 
expense ; nevertheless, if he has not previously been a jpatentee, and thereby 
become acquainted with all the requirements of the law in this most essentim 
proceeding, it would be imprudent in him not to avail himself of the 'advice or 
assistance of one more experienced in matters of the kind.- The specification b 
engrossed upon parchment, the first skin bearing a five pound stamp, and every 
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succeeding skin, or second 1080 words, stamps of one pound each. Two sets of 
drawings are required, one on paper, the other on vellum or parchment ; the 
latter are retained in the office, and are stitched to the copy of the patent on 
the “rolls.” After this is done, the specification that was deposited and the 
drawing on paper, wilt be returned to the patentee on application at the office ; 
at which time the balance of the enrolment fees (a sum having been previously 
deposited) is demanded. The fees of enrolment of a Scotch patent are con- 
siderably more than for an English one, and the stamps are the same. The 
fees chargeable for an Irish patent, as well as the stamps, Sre less than those 
for an English one. 

Since the foregoing was prepared for the press, an Act of Parliament for the 
amendment of the patent laws was introduced by Lord Brougham, and passed 
on the 10th September, 1835, of which the following is an abstract: — 

“ 1. Any person who, as grantee, assignee, or otherwise, hath obtained letters 
patent for any invention, may enter with the clerk of the patents of England, 
Scotland, or Ireland, respectively, having first obtained the leave of the Attorney 
General, or Solicitor General in case of an English patent, of the Lord Advo- 
vocate or Solicitor General of Scotland in the case of a Scotch patent, or of the 
Attorney General or Solicitor General for Ireland in the case of an Irish patent, 
a disclaimer of any part of either the title of the invention, or of the specifica- 
tion, stating the reason for such disclaimer ; or may, with such leave as afore- 
said, enter a memorandum of any alteration in the said title or specification, 
not being such disclaimer or such alteration as shall extend the exclusive right 
granted by the said letters patent; and such disclaimer or memorandum of 
alteration shall be deemed to be part of such letters patent, or such specification, 
in all courts whatever : Provided that any person may enter a caveat against 
such disclaimer or alteration ; which caveat shall give the party a right to have 
notice of the application being heard : Provided also that the Attorney General 
or Solicitor General, or Lord Advocate, may, before granting such fiat, require 
the party applying to advertise his disclaimer or alteration, and shall, if he 
require such advertisement, certify in his fiat that the same has been duly made. 

“ 2. If, in any suit, it shall be proved, or specially found by the verdict of a 
jury, that any person who shall have obtained letters patent for any invention, 
was not the first inventor thereof, or of some part thereof, by reason of some 
other person or persons having invented or used the same, or some part thereof, 
before the date of such letters patent; or if such patentee or his assigns shall dis- 
cover that some other person had, unknown to such patentee, invented or used 
the same, or some part thereof, before the date of such letters patent; or if such 
patentee or his assigns shall discover that some other person had, unknown to 
such patentee, invented or used the same, or some part thereof, before the date of 
such letters patent, it maybe lawful for such patentee, or his assigns, to petition 
His Majesty, in council, to confirm the said letters patent, or to grant new 
letters patent ; which petition shall be heard before the judicial committee of 
the privy council ; and such committee, upon being satisfied that such patentee 
believed himself to be the first and original inventor, and that such invention, 
or part thereof, had not been publicly and generally used before the date of such 
first letters patent, may report their opinion that the prayer of such petition 
ought to be complied with ; whereupon His Majesty may, if he think fit, grant 
such prayer : and the said letters patent shall be available in law and equity to 
give to such petitioner the sole right of using, making, and vending such in- 
vention as against all persons whatsoever, any law, usage, or custom to the 
contrary thereof notwithstanding. ‘ 

“ 3. If any action at law, or any suit in equity for an account, shall be 
brought in respect of any alleged infringement of letters patent, or any scire 
facias to repeal such letters patent, and if judgment shall pass for the patentee 
or his assigns upon the merits of the suit, the judge may certify that the validity 
of the patent came jn question before him, which certificate being given in 
evidence in any other suit or action whatever touching such patent, if juckment 
shall pass in favour of such patentee or his assigns, he or they shall receive 
treble costs, to be taxed at three times the taxed costs, unless the judge shall 
certify that he ought not to have such treble costs. ^ 
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“ 4. If any patentee shall advertise in the London Gazette three times, and 
in three London papers, and three times in some country paper, published in 
the town where, or near to which, he carried on the manufacture of any thing 
made, according to his specification ; or near to, or in which he resides, in case 
he carried on no such manufacture ; or published in the county where he 
carries on such manufacture, or where he lives, in case there shall not be any 
paper published in such town, that he intends to apply for a prolongation of his 
term of sole using and vending his invention, and shall petition His Majesty in 
council to that effect ; any person may enter a caveat ; and if His Majesty shall 
refer the consideration of such petition to the judicial committee of the privy 
council, and notice shall first be by him given to any person or persons who 
shall have entered such caveats, the petitioner shall be heard by his counsel, 
and witnesses, to prove his case, and the persons entering caveats shall likewise 
be heard by the counsel and witnesses ; whereupon, and upon hearing and inquir- 
ing of the whole matter, the judicial committee may report that a further exten- 
sion of the term in the said letters patent should be granted, not exceeding seven 
years ; and His Majesty is, if he shall think fit, to grant new letters patent for the 
said invention for a term not exceeding seven years after the expiration of the first 
term : Provided the application by petition shall be made and prosecuted with 
effect before the expiration of the term originally granted in such letters patent.” 

5 and 6 introduce some alterations in the forms of process in actions for 
infnngement. 

“ 7. That if any person shall write, stamp, &c. upon any thing the name, or 
any imitation of the name of any other person who hath obtained letters patent 
for such thing, without leave in writing; or if he shall write, stamp, &c. on such 
tiling without leave, as aforesaid, the words ‘patent,’ ‘letters patent,’ or ‘ by the 
kin^ s patent,’ or any words of the like kind, meaning, or import, he shall, for 
every such offence, be liable to a penalty of 501" 

It is necessary we should not omit to inform the reader that very recently an 
Act was introduced by the Duke of Richmond, and received the sanction of the 
legislature, for the abolition of voluntary and extra-judicial oaths and affidavits; 
by the provisions of which it is now indispensable that an inventor who applies 
for a patent should first make a “ declaration" in lieu of the afifidavit, of which 
we have given the form on page 266 ; and this declaration must be couched in 
the terms expressed in the Act, which we have not space to insert. 

PAVING, or PAVEMEN’T. A layer or covering of stone or brick, carefully 
laid over roads, paths, halls, passages, &c., and to form stone floors in the 
interior of buildings. Pavements of flint and flags, in streets, are commonly 
laid dry, that is, in beds of sand or gravel ; those of stables, courts, ground- 
rooms, &c. are laid in a mortar of lime and sand, or in lime and cement, especially 
if there be cellars underneath. Sometimes, after a floor of stone or brick has been 
laid dry, a thin stratum of mortar is spread over it, and worked into the crevices, 
to fill up all the joints. The several kinds of paving are as various as the mate- 
rieds of which they are composed, the adoption of which depends usually upon 
local circumstances and the expense : the following are the principal kinds. 

1. Pebble-paving, frequently laid in ornamental design, is done with kidney- 
shaped stones, obtained from Guernsey and other places; it is extremely durable 
when properly performed. 

2. Rag-pavi^, fiyrmerly much used in London : the stone is obtained from 
Maidstone, in Kent, whence the name of Kentish rag-stone; there are square 
stones of this material for coach-tracks and footways. 

3. Purbeck pitchens ; stones from six to ten inches square, and five inches 
deep, brought from the island of Purbeck, and frequently used in court-yards. 

4. Square-paving, by some called Scotch-paving : by this was recently under- 
stood cubical stones, of blue whynn ; they are, however,'now nearly disused in 
London, owing to their inferiority of the next-mentioned. 

5. Scotch granite ; a hard material, usually of a bluish or feddish colour, with 
which the London road-pavements are formed. 

6. Gifemsey and Herm blue-granite ; extensive quarries being now opened 
at the latter island, chiefly for the supply of the London pavements, for which 
Bfirpose it is foimd to answer as well, if not better, th^ the Scotch. The stones 
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are prepared of a ptismoidal figure, by means of iron hammers, and are usually 
laid with their end downwards, bedded in gravel. 

7. Purbeck-paving, of the blue sort, in large surfaces, and about 2| inches 
thick, make excellent flag pavements. 

8. Yorkshire-paving, of large dimensions, is equally good with the former, 
is impervious to water, and unaffected by frost. 

9. Kyegate, or firestone-paving, is used for hearths, stoves, ovens, and such 
places as are liable to great heat, which does not affect the stone, if kept dry. 

10. Newcastle flags are about two feet square, and two inches thick: answer 
well for out-offices. 

11. Portland -paving, from Portland, sometimes interspersed with black dots. 

12. * Swedland-paving is a black slate, dug in Leicestershire; much used in 
paving halls, especially in party-coloured paving. 

13. Marble-paving, frequently variegated with different coloured mirbles, 
and sometimes inlaid in mosaic. 

14. Flat-brick paving, done with brick laid in sand and mortar, or groute, as 
when liquid lime is poured into the joints. 

15. Brick-on-edge paving, done with brick, laid edgeways, in the same manner. 

16. Bricks laid flat or edgeways, arranged in herring-bone fashion. 

17. Bricks set endways in mortar, sand, or groute. 

18. Paving-bricks, made especially for the purpose. 

19. Paving with ten-inch tiles. 

20. Paving with foot tiles. 

21. Paving with clinkers, for stables, &c. 

There are many other kinds of paving, equally worthy of notice with the 
foregoing, but it would be needless to extend the description. We must 
not, however, omit to mention a beautiful imitation of mosaic, in various 
colours and designs, now manufactured of pottery-ware, some specimens of 
which we have seen at the Museum of National Manufactures and the Arts, in 
Leicester-square. Pavements of churches and other handsome buildings fre- 
quently consist of stones of various colours, but chiefly black and white, in squares 
or lozenges, artfully disposed. There needs no great variety of colours to make 
a surprising diversity of efiect. It has been shown, that two square stones, 
divided diagonally into two colours, may be joined together, in checkers, 
sixty-four different ways, as each admits of four diflhrent situations, in each of 
which the other square may be changed sixteen times, which gives sixty-four 
combinations. A very beautiful example of a tesselated pavement, in black 
and white, is afibrded in the extended floor of St. Paul’s Cathedral, which is 
well worthy of examination by those who have occasion for works of that nature. 

Having stated the various kinds of pavement as commonly practised by 
masons, we proceed to notice several deviations firom that practice, which have 
been much talked of, and partially brought into use. The first we shall describe 
is the patented improvement of Mr. Abraham H. Chambers, of New Bond- 



street, London ; the object is for paving the horse and carriage-wayS*of our 
public streets. Mr. Chambers forms the bed of earth or gravel of the usual 
figure, which is a slightly elevated arch ; this foundation is to be rendered a^ 
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firm and solid as possible, by ramming, previous to laymg down the stones, 
which are in form like the lower portion of a regular quadrangular pyramid, 
and are arranged so that the sides of each stone shall overlap those in the next 
row, as exhibited in perspective in the preceding cut. When they are thus laid 
imiformly and evenly, with their broadest surfaces or bases downward, a 
quantity of some of those stone-like cements, of which lime is the basis, or the 
British puzzolana, is to be poured between the joints, filling them to about one- 
third of their depth : when this has become hard, so as to cement the whole 
into one solid biWy, the remaining two-thirds of the interstices are to be filled 
with broken flints, granite, or other hard materials. On each side of this road- 
way are to be constructed deep brick gutters, for the reception of the water, 
and the small portion of mud that may be formed ; and midway, between each 
side and the centre of the road, lateral trenches are to be dug, to lead, by an 
oblique descent, into the brick gutters : these trenches are to be filled with 
broken bricks and stones, and serve as a filter, to convey nothing but the water 
from the middle of the road into the gutters. The patentee considers that a 
paved carriage-way, constructed upon this plan, will be extremely durable, and 
will be kept free from mud and sludge. 

The patent tritMgidar pavement is founded (as the inventor states), upon the 
reciprocal bearing and support of the stones. The pavement is formed of 
granite, or other hard paving stones, of the ordinary size, and each stone is laid 
or ranged in such a manner, with reference to the several contiguous stones, as 
that neither can be displaced the eighth of an inch, by any pressure or percus- 
sion, however great, in the ordinary use of the streets. The stones are not 

wedges or cubes, but formed as repre- 
sented in the subjoined diagram, each 
containing a protruding or salient angle 
on the one side, and an indented or re- 
ceding angle on the opposite side ; the 
receding angle being formed to receive 
the salient one. Although the first cost 
of a pavement of this kind may be greater 
than ordinary, its probable greater dura- 
bility will, most likely, more than compensate; besides, its level symmetry, 
cleanliness, and solidity of construction, derived by each part from the whole 
superficies, seem to be advantages attached to this species of pavement. 

In Macknamara's patent pavement, the stones are comparatively thin, flat 
squares; their upper faces have two of the opposite sides of the quadrangle 
beveled off to an angle of about forty-five degrees ; and tmderneath each stone 
the reverse sides of the quadrangle are beveled off in like manner, so that when 
laid together in the manner exhibited in the engraving on the next page, they may 
reciprocally support each other. Fig. 1 represents a plan of a street paved on 
this system ; Fig. 2 exhibits a vertical section of the same, the roadway stones 
being numbered 1, 2, 3, 4, 5, (as shown on the plan); 6 6 are the gutter- 
stones ; 7 7, these which abut against the curb. Fig. 3 gives a side view of 
three entire stones, exhibiting the reverse position of the beveled edges, by 
which the stones are mutually supported. Fg. 4 represents the opposite sides 
or edges of the same stones. 

“ By a careful attention to the figures, it will be seen,” says the patentee, 

“ that each and every individual block or stone mutually and reciprocally sup- 
port, and are supported by, each other. This principle will be found to apply * 
throughout, each block or stone being upheld by two adjoining ones, and, in 
return, mutually supporting others that are made to rest upon it. These blocks 
may be made of any convenient size ; the principal object to be attended to is 
to make the bounding lines on the upper surface as perfect as the nature of the 
stones will admit. I shall here observe, that when blocks are used of large 
dimensions, it will be proper to groove their surfaces to farm a better foot-hold 
for horses ; and in order to identify my invention, and thereby endeavour to 
prevent any infringement on this patent, that it consists solely in working, 
cutting, or forming the sides of my blocks or stones, so that they shall make 
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alternately obtuse and acute angles, with the upper surface of the block or stone, 
which, being done, they may be so arranged or combined, that they wul 



mutually and reciprocally support and preserve each other from the imperfection 
so generally found in the usual practice of paving.” 

PEARLS. A calculus or morbid concretion, formed in consequence of 
some external injury which the muscle or shell-fish receives that produces it, 
particularly from the operations of certain minute worms, which occasionally 
hore even quite through to the animal. The pearls are formed in the inside, 
on these places : hence it is easy to ascertain, by the inspection of the 
outside only, whether a shell is likely to contain pearls. If it be quite smooth, 
without cavity, perforation, or callosity, it may with certainty be pronounced 
to contain none; if, on the contrary, the shell be pierced or indented by worms, 
there will always be found either pearls, or the embryos of pearls. It is 
possible, by artificial perforation of the shells, to cause the formation of these 
substances. The process which has been chiefly recommended is to driU a 
small hole through the shell, and to fill it up with a piece of brass wire, 
rivetting this on the outside, like the head of a nail ; and the part of the wire 
which pierces the interior shining coat of the shell will, it is said, become 
covered with a pearl. As to the value of British pearls, some have been found 
of a size so large as to be sold for 20/. each, and upwards ; and 80/. was once 
offered and refused for one of them. 

The oriental pearl muscle, to which we are indebted for nearly all the pearls 
of commerce, has a flattened and somewhat circular shell, about eight inches in 
diameter, the part near the hinge bent or transverse, and imbricated, or covered 
like slates on a house, with several coats, which are toothed on the edges. Some 
of the shells are, externally, of a sea-green colour, others are chesteut or 
reddish, with white stripes or marks, and others whitish, with green marks. 
These shells are found both in the American and Indian seas. The principal 
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pearl fisheries are off the coasts of Hindoostan and Ceylon ; they usually com- 
mence about the month of March, and occupy many boats, and a great number 
of hands : each boat has generally twenty-one men, of whom one is the captain, 
who acts as pilot ; ten row and assist the divers ; and the remainder are divers, 
who go down into the sea alternately, by five at a time. The largest round 
pearl that has been known belongs to the Great Mogul, and is about two-thirds 
of an inch in diameter. Pearls from the fishery of Ceylon are considered more 
valuable in England than those from any other part of the world. The smaller 
kinds are called seed or dust pearls, and are of comparatively small value, being 
sold by the ounce, to be converted into powder. To make the artificial, take the 
blay or bleak fish, common in the Thames ; scrape off the silvery scales from 
the belly ; wash and rub these in water ; then suffer this water to settle, and a 
sediment will be found, of an oily consistence. A little of this is to be dropped 
into a hollow glass bead, of a bluish tint, and shaken about so as to cover all 
the internal surface : after this the bead is filled up with melted white wax, to 
give it solidity and weight. 

The Roman pearls are formed of a very pure alabaster, considerable quarries 
of which exist near Pisa, in Tuscany. The process is as follows: — the alabaster 
is first sawn into slices, the thickness of the pearls required ; the pearls are then 
formed with an instrument which bores a small hole in the centre, at the same 
time that the required shape is obtained. The next thing in the process is their 
immersion in boiling wax, to give them a rich yellow hue, and afterwards to 
cover them several times with the silvery substance obtained from the scales of 
the bleak. The singular beauty of this ornament, which perfectly resembles 
the real pearl, the varied patterns in which they are arranged, and their 
extreme cheapness, render them an object much sought after; while their 
solidity is such, that they may be dashed to the ground with violence without re- 
ceiving the slightest injury; being thus rendered far superior to those of French 
manufacture, which are at once more fragile, and considerably less imitative. 

The Chinese in a manner force the production of real pearl, in the animal 
itself. They collect the myca margarite fera, or European pearl muscle, and 
pierce the outsides of the shells in several parts, without completing the perfo- 
ration throughout. The animal, becoming conscious of the weakness or 
deficiency of the shell in those particular spots, deposits over them a great 
quantity of its pearly calcareous matter, and thus forms so many pearly 
tubercles over them. The pearls thus obtained are, however, said to be gene- 
rally inferior to those naturally produced. Pearls that are discoloured may 
he thus whitened ; “ Soak them first in hot water, in which some bran with a 
little tartar and alum have been boiled ; rub them gently between the hands, 
which may he continued until the water grows cold, or until the object is 
effected, when they may be rinsed in lukewarm water, and laid on writing- 
paper, in a dark place, to cool.” The foregoing is extracted from the scientific 
journals ; hut we have always understood that real pearls, so discoloured, are 
scaled by the lapidaries that is, they take off the upper coat or lamina, which 
leaves them slightly diminished in size, but equally beautiful to their primitive 
state. 

PEARL, Mother of. The shell, not of the pearl oyster, but of another kind 
of oyster, the inside of the shell of which is very smooth and polished, and of 
the whiteness and water of pearl itself. The shell has the same lustre on the 
outside, after the outer coat, or lamina, has been removed by aqua-fortis and 
the lapidary’s mill. It is used for the handles of knives, inlaid work, &c. 

PEARLASH. An impure potash, obtained by lixiviation of the ashes of 
plants. See Potash. 

PEARL-SHELL. A new process of working pearl-shell into a variety of 
devices, for the purpose of applying it to ornamental uses in the manufacture of 
japan ware and other articles, has lately been invented by Messrs. Aaron 
Jennings, and John Betteridge, of Birmingham. The process is similar to that 
of engraving on metals in relief, by the aid of corrosive acids and the etching- 
point. The pearl-shell is first divided into very thin plates or leaves, such as 
form the 40th to the 100th part of an inch, and the devices or patterns are drawn 
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upon them in an opaque turpentine varnish ; strong nitrous acid is then brushed 
over the plates repeatedly, until those parts left bare, or undefended by the 
varnish, are sufficiently corroded, or “ eaten away ” by the acid. The varnish 
being now washed off by a little oil of turpentine, the device, which the acid has 
not touched, is found to be perfectly executed. If the design is to be after the 
manner of common etching on copper, then the process upon the shell is pre- 
cisely similar to that already explained under the article Engraving. When a 
considerable number of ornaments are required of the same jize and pattern, 
a sufficient number of the plates are cemented together by glue, with only one 
plate, having the device etched upon it, placed on the outside ; these are then 
made fast in a pair of clams, or screwed between the jaws of a vice, and care- 
fully sawn out altogether by a very fine frame-saw : the cemented shells are 
then thrown into warm water, which softens the glue, and quickly separates the 
pieces. When several devices upon a plate have been bit in, they may be laid 
upon a flat surface, and cut through with a knife-edged tool for thick pieces 
the saw is put in requisition, and the finishing executed by a variety of sharp 
gravers and instruments. 

PEARL-WHITE. An oxide of bismuth. It is employed as a cosmetic, to 
whiten the skin ; but its tendency to become black, by exposure to the action of 
sulphuretted hydrogen mixed with the atmosphere, renders it a very dangerous 
expedient to heighten female charms. 

PEAT. A spongy black earth, combined with decayed vegetable matter : 
when dried, it forms a valuable fuel. 

PECK. An English measure ; the fourth part of a bushel. 

PEDOMETER, /oot-meosure, or way-wiser, is a machine in the form of a 
small time-piece, containing a train of toothed wheels, which, by means of a 
chain or string, fastened to a man’s foot, or to the wheel of a carriage, are made 
to move one notch or tootli at each step, or each revolution of the wheel ; and 
the train thus uniformly moved being connected to an index, points out the dis- 
tance travelled, on a graduated dial-plate. 

A patent for “ an improved pedometer for the waistcoat pocket, upon a new 
and very simple construction,” was taken out by Mr. William Payne, of New 
Bond-street, in 1831. It is of the form, and of the usual size, of a common 
watch, and consists of a lever or pendulum, one end of which is weighted or 
inlayed, and the other supported by a delicate spring ; by which arrangement, 
each step of the wearer produces a vibration, and moves a ratchet wheel one 
tooth, and the latter being geered into a train of wheels (similar to those of a 
common counting machine) moves indexes or hands over the face of a dial- 
plate, on which the number of vibrations or steps are indicated. The patentee 
also attaches his pedometers to an ordinary watch, in which case, the train of 
wheels and other parts are placed under the dial-plate or face of the watch. 

PEN. A well-known instrument for writing. In the earliest ages, writing 
was executed with styles of metal or other hard substance, which, after a time, 
were superseded by pens and coloured inks. The first pens were made of reeds, 
or small hard canes, about the size of the largest swan quills, cut and split in 
the same manner as the pens in present use. According to Isidore, and some 
other writers, quill-pens were first introduced about the year 636 ; they did not 
come into general use, however, till the middle of the seventh, and were not 
common till towards the close of the eighth century. Reed-pens continue to 
be employed up to the present time, for writing some of the oriental languages, 
and by artists, for sketching outlines. The greater number of pens now in use, 
are made from the quills of the goose — those of the swan, turkey, duck, and 
crow, being occasionally employed — the two latter exclusively for very fine 
writing or drawing. As the making or mending of quill-pens is to many per- 
sons difficult of attainment, and to all, at times, inconvenient, various attempts 
have been made to render the process less frequently required. One of these 
methods consisted in'arming pens made of turkey-quills with metallic points 
or nibs, by which their durability was somewhat increased, although ^t the 
expense of the natural elasticity of the quill; nor was the durability sufficiently 
extended to be commensurate with the additional cost. To do away with the 
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necessity of frequent pen-mending, Mr. Bramah took out a patent for an im- 
provement in pens, which consisted in dividing a quill longitudinally, and cut- 
ting it into four or six lengths, according to the size of the barrel. Each of 
these pieces formed a pen — some two, by being cut at each end. The pens 
thus formed were held in a jointed silver holder, which imparted great firmness 
to the quill, while it permitted the free action of the nibs. Pens have been 
made from horn, also from tortoise and other shells ; but no useful application 
has hitherto bem made of such pens, as they are more expensive and even less 
durable than those made from quills. Some successful attempts have been 
made to form the nibs of pens of precious stones, in order that they may be used 
a long time without wear or corrosion. The first that we recollect were introduced 
by Messrs. Hawkins and Mordan, whose specification of 1823 states, that they 
make use of tortoise-shell or horn, instead of quills ; and when the material is 
cut into nibs, these parts are softened in boiling water, and then small pieces of 
diamond, ruby, or other precious stones, are imbedded into them by pressure ; 
by this means, it is said pens of great durability as well as elasticity are made. 
To give stability to the nibs, the patentees proposed to affix to the tortoise-shell, 
or horn, thin pieces of gold or other metal, and attaching the same by the 
before-mentioned or any other convenient means, as cement or varnish. It is 
likewise suggested that springs may be placed on the back of the pen, as shown 
in the annexed figure, which may be slided backward or forward, 
to vary the elasticity according to the different hands that may be 
required in writing. We are informed by a gentleman who had 
one of these pens many months in constant use, that it Had exhi- 
bited no signs of deterioration or wear. Mr. Doughty, of Great 
Ormond-street, has likewise devoted much attention to the con- 
struction of pens, the nibs of which are rubies set in fine gold. 

They are said to write as fine as a crow-quill, and as firm as a 
swan-quill — to possess considerable elasticity, and produce an uniform 
manuscript, unattainable by ordinary pens. Mr. Doughty states, 
that “ some of his ruby pens have been in constant use upwards 
of six years, and continue still perfect; and that if a little care 
be taken of the nibs, by preventing their being struck against 
hard substances, and occasionally washing them with soap and water, with a 
little brushing, they will be found, notwithstanding their first cost, economic 
pens.” The rhodium pens, consisting of two flat strips of gold placed angularly 
side by side, and tipped with a hard metallic alloy, are very durable, though 
not equal to the ruby nibbed. Under the head Inkstand, we have given Mr. 
Doughty’s contrivance to prevent injury to his pen-nibs in dipping for ink. 

The first decided attempt to introduce metallic pens to general use, was made 
by Mr. Wise, whose “ perpetual pens ” will doubtless be remembered by many 
of our readers. The name of Wise was rendered conspicuous in most of our 
stationers’ shops, some twenty-five or thirty years since, as the original inventor 
and genuine manufacturer of the steel pens; they consisted of a barrel-pen of steel, 
mounted in a bone case, for convenience for carrying in the pocket. Notwith- 
standing his productions possessed but in a very remote degree the requisite pro- 
perties of a writing instrument, and were extremely dear, he managed to make a 
scanty livelihood out of the business, by dint of unwearied exertions in promoting 
their sale. Mr. Donkin subsequently made some excellent steel pens, but the price 
was high, and the demand inconsiderable. This description of pen has recently 
been very much improved, especially by Mr. Joseph Gillott, of Birmingham, who 
is the largest manufacturer of steel pens in the world, converting annually upwards 
of forty tons of fine steel into writing pens. The improvement has been accom- 
plished by employing metal of a better quality in a thinner and more elastic 
state — by making the slit shorter, and by more carefully attending to the finish 
and temper of the pens. These improvements in quality Jjave also been attended 
with so great a reduction in price, that a gross of the improved steel nibs may 
now purchased for very little more than was formerly charged for one of Wise’s 
pens. The common three-slit pen, that is, the pen with a slit on each side of 
the central slit, is with many persons stUl a favourite, and some of these pens 
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seem to embody most of tbe advantages of which metallic pens are susceptible. 
Their present excellence and extreme cheapness seems to promise the almost 
entire disuse of quills, although, up to the present time, there has been no falling 
off in the demand for this article. . 

Mr. James Perry, of London, has contributed, we believe, more than any 
other individual to the introduction of the modern improved steel pens ; he has 
brought out several steel pens of a very ingenious and original description, and 
devoted more than ordinary attention to the forming them to ^lit a variety of 
hands and tastes, which he regularly classed, advertised, and humorously puffed 
in rhyme, by which means he acquired a celebrity to which no previous pen- 
maker had attained. Mr. Perry first overcame the extreme rigidity of the 
ordinary steel-pen, by the introduction of apertures between the shoulders and 
the point, thereby making them elastic below instead of above the shoulder : 
this was the subject of his patent of 1830. “ The double patent Perryian 

pen,” tbe merits of which have been so much placarded throughout the kingdom, 
received its odd ct^nomen from the circumstance of a second patent taken out 
by Mr. Perry, in 1832; the pens described in the specification of which are 
represented as combining the superlative qualities of both 
inventions. Fig. 1 is a sketch of Mr. Perry’s “ double 
patent pen,” which distinctly shows the position of the 
aperture and the lateral slits, by which a great degree of 
elasticity is obtained. 2 is Mr. Perry’s ingenious 

“ regulating-spring pen,” consisting of one of his patent 
pens, with the addition of a sliding spring, which increases 
or diminishes the flexibility of the pen, according as it is 
placed further from, or nearer to the point. In another 
instance Mr. Perry employs the elasticity of Indian-rubber, 
by twisting a thread of this material round the nibs of the 
pen, the yielding of which permits the opening of the 
points, in proportion to the pressure applied. The care 
which Mr. Perry takes in the correct manufacture of his 
pens, has mainly contributed to the general preference 
given to them ; for, however excellent may be the principle of the sti-ucture, 
if the workmanship of the nibs be not nicely performed, the pens will not write 
well. It is fi-om defects of this kind, we believe, that many apparently excel- 
lent metallic pens, that have been successively brought out, have met with a 
comparatively small sale. 

As the extremities of the nibs of metallic pens of the ordinary form become 
worn, they progressively increase in breadth, until they become useless, unless 
their original form should be restored by skilful filing, or grinding, upon an oil- 
stone : these being operations which no economist of time will perform, at the 
present low prices of the article, Mr. Gillott, of Birmingham, took out a patent 
in 1831 for an improvement in metal pens, designed to remedy the defect 
mentioned. This he proposed to effect by making the nibs of his pens parallel 
sided, that is, an equal breadth to the points for about an eighth of an inch 
long, the remaining portion or upper part of the nibs being cut either inclined 
in the usual manner, or terminating with a shoulder next to the parallel nibs. 
“ ’The whole length of such nibs,” says Mr. Gillott, “ may of course be worn 
away, without increasing the breadth of the strokes in writing.” This con- 
struction, it however appears to us, will not only fail in obtaining the advan- 
tages sought, but will entail disadvantages to ; which the tapered form is 
comparatively free; namely, a greater tendency to take a set in opening during 
the downward strokes of the pen, and a deficiency of reacting force in the 
up-strokes to bring the nibs together; the narrowness of the points also prevents 
the ink from flowing down in sufficient quantity to give a constant and unfailing 
supply. Mr. Gillott, although a pen manufacturer, is evidently no great pen- 
u^r, for all persons who are in the habit of using steel pens know that in a 
short time the abrading action of the paper, produces a basil edge on the finder 
side of the nib, converting it into a very efficient chisel, which, catching the paper 
in the up strokes, renders the pen unfit for further use. With respect to their 
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wearing away uniformly, this can never be tbe case, unless the pen be held 
vertically, that is at right angles to the plane of the paper, in which manner 
ordinary writing cannot be executed. This will at once show the fallacy of 
Mr. Gillott’s proposition; and it would appear as if Mr. Gillott was himself 
conscious of the error ; for we have never met with any of his pens made in 
accordance with his patent, that is, with parallel points, but as Fig. 3, which is 
one of Mr. Gillott’s pens, as now manufactured ; 3 . 4 , 

otherwise this is a pretty good pen, and ranks with 
the best of the Ihree-dil class. 

The position in which a pen is usually held causes 
the wear to take place in an inclined direction, slightly 
rounded at the edges, and the right hand nib to be 
more worn than the left. When one nib becomes 
shorter than the other, the longer nib bears harder 
than the shorter upon the paper in the up-strokes, 
and produces thick and blotted writing. It was pro- 
bably with a view of obviating these effects that the 
scribes of olden time wrote their letters either upright, 
or inclining to the left hand, both of which modes are 
retained hy the lawyers. Making due allowance for 
the obsoleteness of many of the characters, we think it must be admitted that 
such writings possess more clearness and intelligibility of form than our 
modernized writing. 

In order, however, that we may he able to incline our letters in the right 
direction, and yet save our pens from rapid destruction, Messrs. Mordan and 
Brockedon introduced, and patented in 1831, pens with inclined slits, which 
they very appropriately designated the “ oblique pen.” It has been stated, as a 
weU-authenticated fact, that ninety-nine persons in every hundred fail to attain, 
permanently, the art of writing with a pen in the true position ; that is, with 
the hand removed a little to the right, and the tip of the pen pointing to the 
right shoulder, when the slit of the pen will be in the direction of the writing, 
and both of the nibs addressed fairly to the paper. Fig. 4 is a representation 
of Messrs. Mordan & Co.’s oblique pen. The direction of the slit in this pen 
being that in which the writing usu^ly slopes at an angle of about thirty-five 
degrees, both nibs are brought equally down upon the paper — the writer is not 
confined to any particular position, but at liberty to use the pen freely, without 
the restraint of attitude, so strongly insisted upon by teachers of writing. The 
action of the oblique steel pen is altogether remarkably good, and, from the 
shape of the nibs immediately below the shoulder, it has a tnost excellent spring, 
producing a pleasing effect both in the up and down strokes of the writing ; it 
glides smoothly over the paper, and is altogether free from the harshness 
so much complained of in steel pens. These oblique pens are made of the 
best steel, in a very thin and highly elastic state ; the arched form gives 
the requisite strength, where it is necessary they should be firm and un- 
yielding, and also enables them to carry more ink than any previous pens. 
The advantageous property of this particular form, for holding a large quantity 
of ink, was at once perceived by other manufacturers, and led to the construc- 
tion of the Lunar,' Gonidon, andsome other similar pens. Messrs. Mordan & Co.’s 
specification describes a variety of modifications of pens and pen-holders, illus- 
trated by numerous figures. In the first place are shown quill-pens and portable 
pens, (the latter implying short pieces,) having inclined slides, and metal pens * 
simUarly formed. 'To apply the principle to pens cut in the usual manner, with 
straight or longitudinal slits, handles are provided, which have at their lower 
ends curved metal arms, with clips or holders, which fix the pens at an angle, 
diverging from thirty to forty degrees out of the line formed by the handles. 
Some of these pen-holders are furnished with joints and set-screws, to enable 
the writer to place the pens at such an inclination, with rtspect to the handle, as 
will accord with the inclined position of the letters he is making. ’The latest 
imprSvement in steel pens is one by Mr. Gowland, consisting in the introduction 
of an additional nib. The following engravings represent three pens of this 
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description, as manufactured by Messrs. Mordan & Co., under a recent patent. 
Fig, 5 are back and side views of Messrs. Mordan and Co.*s patent three-nibbed 


Fig, 5. Fig^6, ’'Fig.7^ 



slrp-pen. Fig, 6 are similar views of their patent three-nibbed flat-spade^ or, 
as the Birmingham manufacturers call it, the lunar pen. In each of these pens, 
the additional nib is formed by cutting it out of the stem or shank of the pen, 
where there is always a superfluity of metal, and turning it back over the other 
nibs. Fig. 7 are back and side views of Mordan & Co- s patent three-nibbed 
counter-ohUrpue pen. Many persons having been strongly prejudiced against 
tile one-sided appearance of the original oblique pen, Messrs. Mordan & Co, 
were induced to attempt an improvement in this respect, and they have fully 
succeeded. The improvement has been accomplished by the introduction of an 
additional shoulder, opposed to the former. This novel and curious pen has 
been very much admired, and it is as useful as curious; it has the advantage of 
holding a very considerable quantity of ink, and of retaining, from its obliquity, 
a position adapted to the slope of the writing, while to the eye a perfect equi- 
librium is preserved. The effect of the third nib in metallic pens, is to enable the 
pen to carry a larger quantity of ink, and to force it down in imiform and never- 
failing succession to the paper. Every time such pens are pressed on the down- 
strokes of the writing, the ink flows in a body towards the point from the effect 
of capillary attraction, at the precise time when it is most wanted. This result is 
produced by the third nib forming a conical tube with the other nibs of the pen, 
with its smallest end downward, and always causes the ink to flow equally, as 
much on the centre of the down-strokes as the two points of the pen itself. 
The capillary attraction, which is brought into operation in this ingenious con- 
trivance, completely counteracts the defects existing in other pens, arising from 
the opening in the slip tapering in the opposite direction to that which is requi- 
site, for the purpose of fairly conveying the ink to the paper ; of this any one 
may convince himself by pressing the points of any ordinary pen on the thumb- 
naO, until the slit opens wide enough for large-text writing, when the ink will 
instantly recede from the points towards the upper extremity or angle of the 
slit, Capillaiy attraction always causes fluids to flow towards the narrowest 
part or opening of every conical tube ; and, therefore, in three-nibbed pens, 
the ink is forced down upon the paper, and the thickest ink would be propelled 
downwards most effectually by the action of the three nibs. Another advantage 
of the third nib is, that it clears the slit of the pen, removing the fibres as they 
' are gathered from the paper, thereby removing the greatest objection that has 
hitherto existed to the use of metallic pens. 

The following is the process of making steel pens, as witnessed at the exten- 
sive and well-conducted manufactory of Messrs. Mordan & Co., Castle-street, 
Finsbury, whose liberality, condescension, and urbanity to visitors on all occa- 
sions, is gratefully acknowledged by many individuals who have in vain endea- 
voured to obtain a sig{it of this interesting process elsewhere. A hardened steel 
punch and matrix, of the exact size and shape of the pen to he made, having 
been attached to a powerful flv-press, sheet steel of the finest quality, r^uced 
to about of an inch in thickness, and in strips of two inches and a half wide, 
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is taken, and every pen is struck out singly, till the metal is'exhausted. In this 
state the pens are called Hanks or flats. After cutting out, the next operation 
is softening or annealing ; this is performed by putting a great number of the 
flats into an iron box, with a small quantity of tallow on the top of them ; the box 
being shut up close, is placed in a furnace, and there kept until the box appears 
to be equally heated all over. The box is then withdrawn, and the pens emptied 
out upon some hot ashes, covered with the same, and left to cool gradually. By 
this means the pens are sufficiently softened for the subsequent process ; but as 
the flats are very rough and scaly from the effects of the fire, they are first 
cleaned by being placed in a mechanical agitator with sand, ashes, &c., and 
welt shaken for an hour or two, which renders them remarkably clean and 
smooth. The makers’ name having been stamped on the shank of each pen, 
and the apertures, if any, cut out, they are marked for the slits. This is done 
with a very sharp chisek worked by a fly-press, and so exquisitely adjusted as 
only to cut through two-thirds of the thickness of the metal. This done, the 
next operation is the dishing. A hardened steel punch, of the precise form to 
be given. to the pen, being attached to a fly-press, a die is placed beneath to 
receive it ; the die being concave, and the punch convex, and both being made 
so as to fit each other with the greatest accuracy, the flat is forced into the 
cavity of the die, and retains permanently the form thus given to it. The pens 
being dished are next hardened, by being placed in the iron box, and heated as 
in the softening process, except that they are now cooled suddenly, by being 
thrown into a vessel of cold water or oil. When the pens are quite cold, they 
are taken out of the water, and placed in a cullender to drain. When diy, they 
are put into the agitator with a quantity of sawdust, and shaken for a conside- 
rable time, which cleans and polishes them, giving a degree of smoothness and 
finish to the nibs unattainable by any other method equally economical. The 
agitator is an ingenious piece of mechanism, invented by Mr. Mordan ; it con- 
sists of a large tin cylinder, supported horizontally by two cranked axles — one 
at either end, — upon a strong iron frame ; another axle, mounted upon anti- 
friction wheels, at the end of the machine, carries a winch handle and a heavy 
fly-wheel ; upon this axle is also placed a driving wheel, a rigger-band from 
which puts the crank in motion, and communicates a very rapid elliptical move- 
ment to the cylinder and its contents. By this contrivance the pens are very 
effectually polished, and made ready for the next process — tempering. This is 
done by placing the pens, a few at a time, on a stove, heated to the proper tem- 
perature ; so soon as a bright blue colour is obtained they are removed, this 
colour denoting the temper best suited to steel pens. The last operation is that 
of opening the slits, or, as some call it, cracking the slits ; this singular process 
is effected by placing about a quarter of an inch of the pen’s point between a 
pair of smadl nippers, and pinching them suddenly, when the slit, which was 
only cut two-thirds of the way through, is completed by the giving way of the 
remainder of the metal. This unique process fits the pen for immediate use ; 
some manufacturers add a coat of lacker, but this is not of much real 
utility. 

It has often been supposed that other materials would be equally, if not more, 
suitable than steel, for the manufacturing of pens; those persons who have paid 
most attention to the subject, however, are decidedly of opinion that no kind of 
metal, however fine its texture may be, or whatever properties it may possess, 
will ever be able to compete with fine well-tempered steel. 

Many of the steel pens, as now manufactured, we find of excellent quality ; 
many hundred pages of this work have been written with one pen, in a uniform 
clear hand. After writing with it about forty pages, we usually renew, and 
even much improve the nibs of a new pen by a few touches of a dry Turkey 
stone, aiding ffie sight with a pair of magnifying spectacles, in order that the 
form of the extreme end may be duly perfected ; this process will, however, be 
found difficult of accomplishment, at first, by persons unaeSustomed to the point- 
ing of delicate instruments, and, at the present low prices of the article, scarcely 
worth *the trouble ; but the ability to perform this operation at pleasure upon 
steel pensggenders a person very independent of the stationer's shop. 
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In our brief account of this novel and admirable manufacture, we are sensible 
of having omitted to notice a variety of excellent steel pens, but our allotted 
space compels us to proceed to the desciiption of a different class. 

Fountain Pens. A great number of ingenious attempts have been made to 
construct pens containing a resenmir of ink, which, by a slight pressure on the 
handle, or other part, might cause a fresh supply of the fluid to flow to the nibs, 
and thus supersede the necessity of an ink-stand. Of this kind is the penograpk. 
of Mr. Scheffer, manufactured by Messrs. Mordan & Co., in whjch tlie pressure 
of the thumb on a projecting stud in tbe holder causes a continuous supply of 
ink from the reservoir to flow into the pen. 

Mr. Parker’s Hydraulic Pen is a more recent contrivance for the same 
purpose. In this machine a piston is made to work up and down in a cylin- 
drical tube by means of a revolving nut acting upon the piston rod, which is 
tapped with a corresponding screw. The small orifice at the bottom of the 
holder being immersed in ink, tbe turning of the upper portion of the holder 
causes the piston to ascend, and the tube becomes filled with ink ; on gradually 
turning the nut in the opposite direction, the piston descends and forces the 
ink down into the pen. Mr. Parker has taken out a patent for his invention ; 
but, if we mistake not, Mr. W. Baddeley proposed an apparatus, precisely 
similar, a long time since ; for which see the Mechanics’ Magazine. 

As a description of all the contrivances of this kind, however, would occupy 
many pages, we shall limit our account to one of a very simple and unexpensive 
kind, the invention of a correspondent of tbe Register of ylrts. “ The pen is 
made of two quills; the top one, which I shall call No. 1, and the other. No. 2. 
Let the end of No. 1 be made air-tight, by dropping inside, to the bottom, a 
small piece of cobbler’s wax, and then warming it a little : fill this nearly with 
ink, — say about a quarter of an inch from the brim, — then take a small piece 
of cambric and cover the top of it, so that the ink may not drop out; join both 
quills together, by putting No. 1 into No. 2, and the pen is ready for use. 
When you want to write, take the pen in your right hand, give a gentle shock 
on your left hand, or on a table, and the ink will rnn down into the pen imme- 
diately ; this must be repeated every time ink is wanted. A pen of this kind 
will be found very useful to reporters and to persons travelling. The pen should 
be put into a little case to carry it about.” 

Pens (drawing). — By this term is commonly understood the mechanical 
drawing-pens, consisting of a pair of delicately-formed steel blades, the ends of 
which are drawn together and adjusted by means of a fine set-screw ; these 
pens are mounted with handles of various materials, but those of ivory or ebony 
are deservedly preferred. These instruments are manufactured by Mr. Elliott, 
of High Holbom, in the highest perfection. Tbe extremities of the steel blades 
which form the pen should be very narrow ellipses, and should perfectly meet, 
without the minutest projection of one piece over the other. The outside of the 
elliptical end should be rubbed on a hone until it is as thin as the edge of a 
knife : in this state the points would cut the paper ; but the sharpness must be 
taken oflT by gently drawing them over the stone upon their edges, and finishing 
them upon a soft polishing-stone. A smoothness is thus given to their edges, 
which makes them glide over the paper, although they will still be left so thin 
that their edges can scarcely be discerned. By this management, lines may be 
drawn while the points of the pen are at a distance from each other, not per- 
ceptibly exceeding the breadth of the lines produced, which is of consequence, 
not only to the equable flow of so viscid a fluid as Indian ink, but to obtaining 
a well-defined stroke. 

A drawing-pen was lately presented to the Society of Arts, by Mr. Bryan 
Donkin, which he had brought from France. It is calculated to make lines of 
only one uniform thickness : the cavity which contains the ink being enclosed 
all round, keeps it free from dust, and prevents it from drying, and clogging 
the drawing-point so quickly as those of the ordinary construction. Fig. 1 (in 
the following page) shows the pen, with the handle broken ofl^ ; a and b are the 
two limbs, jointed at c, and held close by the sliding ring d; the dottei} lines 
represent the upper portion a as opened, to receive the ink, withj|he ring d 
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slidden back bevond the joint. Fiff.2 shows the underside of the limb a, in a 
separate state ; at c is the hole to receive the centre-pin ; e is the cavity for 





2. 



3 


the ink ; g g, notches for receiving two projecting pieces, as shown at / in 

An extremely simple and ingenious mode of making a drawing- 
pen of the last-mentioned kind (that is, to make a line of only one 
thickness,) was invented by Mr. Robert Christie ; and having 
made several according to his instructions, which answer very well 
for tracing, as it moves with equal facility in any direction, we 
insert a notice of it in this place. The annexed cut represents 
one of these pens, in a neatly-turned handle; but we made them 
at the solid end of black-lead pencils, for the convenience of readily 
using either lead or ink. The process, as directed by Mr. Christie, 
is as follows : — A piece of sealing-wax, about the size of a mar- 
rowfat pea, is to be stuck upon the end of the pencil, by melting it, 
forming thereby a bulb, into which are to be inserted three darning- 
needles, by warming their eyes in the flame of a candle, and then 
burying them in the wax, at equal distances apart, around the 
circumference of the pencil, with their points extending about 
three-quarters of an inch beyond the end of it ; but brought 
together so as to meet as accurately as possible at a common 
focus, forming the outline of a triangular pyramid : to secure them, 
another piece of wax, about the size of a grain of wheat, is to be 
placed midway between the bulb and the points, and secured there 
by melting it. The very acute points of the needles are to be taken 
off by light rolling touches upon an oil-stone, and the raggedness, 
by a little fine emerj'-paper, so as to produce an obtuse, conical end ; 
the pen, when thus completed, has of course a very line triangular 
bole between the needle-points, through which the ink uniformly 
flows. We have seen some of these pens made by inserting the 
needles into drilled holes, made in metal, at the end of neat 
bandies, in which the needles were so nearly brought together 
where they are inserted, as not to need the smaller bulb nearest 
to the points. The ink flows freely in them, and there is the 
same facility in using them as a finely-pointed H H H black-lead 
pencil. They answer well for tracing, as before observed; but we 
do not think them equal to the common forceps-formed i-awing- 
pen for ruling clear lines. 

Ruling-pens, for common use, are made by doubling aj)iece of 
tin-plate together, and rounding the ends, the middle being bellied 
for the»reception of ink. Pens of this description were constantly 
used for ruling account-books, &c., prei'ious to the introduction 
of the ruling-machine, which entirely superseded hand-ruling 
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Ruling-pens for the machine are made of thin sheet-brass or latten, in long 
strips, the pens being cut on the edge, and folded together at various distances, 
according to the pattern to be executed. J 

Music-pens are made for ruling the five staves of music at once ; they consist 
of a parallelogram of brass, terminating in five slit points, communicating with 
a small reservoir above, in which the ink is placed. They are fitted with a 
handle, in the hollow of which a small piece of brass is carried for cleaning 
out the ink passages of the pen. The accompanying engraving shows the con- 
struction of this very useful and ingenious apparatus. 



Dottingpens, for writing music, consist of a small brass cylinder, in which a 
pin of the same material works vertically, being kept down, and projecting 
about the tenth of an inch, by a spiral spring in the upper part of the pen. 
An elliptical opening, about halfway up the pen, receives the ink. When 
placed upon the paper, the brass pin recedes, and causes the ink to make a 
round black spot on the paper, forming a note, — the tail being supplied after- 
wards with a common pen. 

PENCIL. An instrument used by painters for laying on their colours ; 
they are of various kinds. The larger sorts are made of boars’ bristles, the 
thick ends of which are bound to a stick, large or small, according to the uses 
they are designed for ; these, when large, are termed brushes. The finer sorts 
of pencils are made of camels’ hair, also badgers’ and squirrels’ hair, and of the 
down of swans ; these are tied at the ends by a piece of thread to keep the 
hair from spreading, and the other ends are enclosed in the barrels of qmlls of 
various sizes, suited to the pencil, some of which are of small birds, as those 
used for drawing lines, and in miniature painting. The usual test of a good 
pencil is to draw it between the lips, when it should come out with a sharp, 
conical, and, as it were, solid point. 

Pencil is also an instrument used for drawing and writing, made of long 
slips of black-lead, chalk, or crayon, placed in a groove made in the centre of 
a stick of wood, usually cedar, on account of the facility of cutting it. The 
very common black-lead pencils that are hawked about are a composition of 
powdered black-lead and melted sulphur. Their melting, or softening, or yielding 
a bluish flame, on application to the flame of a candle, betrays their compo- 
sition. The genuine black-lead pencils are made of the fine Cumberland plum- 
bago, sawed into slips, fitted into the grooves, and having another piece glued 
over them. The pure plumbago is, it is said, too soft to enable an artist to 
make a fine line ; to produce this effect, a hard resinous matter is intimately 
combined with the lead in the following way, which is said to be the invention 
of Mr. Cornelius Varley. Fine Cumberland lead, in powder, and shell-lac are 
first melted together by a gentle heat. This compound is then reduced to powder 
again and re-melted ; then powdered again and re-melted, until both substances 
are perfectly incorporated, and it has acquired a perfectly uniform consistence. 
The mass is then sawed into slips, and glued into the cedar mountings in the 
usual manner of making other black-lead pencils. To render them of various 
degrees of hardness, the materials are differently proportioned ; the hardest 
having the most shell-lac, the softer but very little, and the softest none ; and 
their blackness is increased in proportion to their softness. 

Mordan’s “ ever-pointed pencils” were the subject of a patent granted to 
Hawkins & Mordan, in 1823. The pencil-case has a slider, actuated by a 
screw for the purpose of projecting forward a little cylinder of black-lejd, as it 
wears away, which is done by holding the nozzle in one hand, and turning round 
tile pencil-case with the other, the thickness of the lead being so small as not 
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to need cutting for the ordinary purposes of a pocket-pencij. Ftg 1 is 
a section of the pencil-case ; A the black-lead or crayon, encompassed by the 
nozzle, which, with the whole of the case, is made of metal, usually silver. B 
is the driver, being a hollow cylinder with a screw-thread roimd a part of it ; 
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at the end of this screw the black-lead is inserted and held fast ; C is the elon- 
gated part of the driver, which passes through the guide D ; at E, within the 
outer case, is another cylindrical piece, connected to the nozzle at one end, and 
having at the other a hollow screw that works round on the thread of the 
driver B, and, as it turns, causes the projector to advance or recede, as may be 
required. These pencil-cases have had an immense sale,*and have been improved 
upon in a variety of ways during the last ten years. 

PENDULUM. A vibrating lever or suspended weight. See Horoloqt. 

PENSTOCBL A sluice or floodgate, serving to retain or let go at pleasure 
the water of a mill-pond. 

PEPPER. A well-known spice, of which there are three kinds, — the black, 
the tchite, and the long pepper; to these we may now add a fourth, bleached 
pepper, a patent process which the black pepper undergoes in this country to 
render it white. 

Black pepper is cultivated with such success at Malacca, Java, and especially 
at Sumatra, that from these islands pepper is exported to every part of the 
world where a regular commerce has been established. The CTound chosen for 
a pepper garden is marked out into regular squares of six feet, the intended 
distance of the plants, of which there are usually a thousand in each garden. 
The pepper vines are supported by chinkareens, which are cuttings of a tree of 
that name planted on purpose. Two pepper vines are usually planted to one 
chinkareen, round which the vines twist for support. After being suffered to 
grow for three years, they are cut off about three feet from the ground, and, 
being loosened from the prop, are bent into the earth in such a manner that the 
upper end is returned to the root. The fruit, which is produced in long spikes, is 
four or five months in coming to maturity : the berries are at first green, turn 
to a bright red when ripe and in perfection, and soon fall off if not gathered in 
proper time. By drying they become black, and more or less shrivelled, according 
to their degree of maturity. 

The common white pepper is the fruit of the same plant, differently prepared. 

It is steeped in water, and then exposed to the heat of the sun for several days, 
till the rind or outer bark loosens ; it is then taken out, and when it is half 
dry rubbed till the rind falls off ; and the white fruit remaining is dried in the 
sun. A great deal of the heat of the pepper is taken off by this process, so that 
the white kind is more fit for many purposes than the black. 

The long pepper is a dried fruit, of an inch or an inch and a half in length, and 
about the thickness of a large goose-quill ; it is of a brownish grey colour, cylin- 
drical in figure, and said to be produced on a plant of the same genus. It is a , 
native of the East Indies, especially Java, Malabar, and Bengal. This fruit is 
hottest to the taste in its immature state, and is therefore gathered while green, 
and dried by the heat of the sun, when it changes to a blackish or dark grey 
colour. Dr. Cullen observes, that long pepper has precisely the same qualities 
with those of black, but in a weaker degree. 

The method of preparing the bleached pepper appears to be engrossed by 
Mr. Fulton, of London, who has taken out two patents, one in 1828, the other 
in 1«30. By the specification of the first we are informed that the common 
black pepper is steeped in water for a day or two, then laid in heaps, and occa- 
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sionally turned ; fermentation ensues, and In a space of time, varying from a 
week to a month, the outer or black skin himsts and falls off. The pepper is 
then bleached by oxymuriate of lime, sulphur, or other well-known means. 
This done, it is washed, and lastly dried in the air, or in an oven. Black pepper 
thus metamorphosed, so exactly resembles, it is said, the genuine white pepper 
as to deceive experienced dealers. In the second patent, Mr. Fulton’s claim 
seems to be in the inverse ratio of liis invention ; for he has invented, he says, 
the application of a common groat or barley-mill to the cleansing^ of pepper from 
the husks, and he claims the exclusive right to use all sorts of machinery in 
preparing pepper. 

The public should be upon their guard against the quantities of spurious 
pepper, both whole and ground : the latter is, of course, easily counterfeited ; 
but the manufacture of the former is somewhat ingenious. The pepper dust from 
the sweepings of warehouses is mixed with oil-cake, and rolled up into little 
balls resembling pepper. 

PERCUSSION, Centre of, in any body or system of bodies revolving about 
a point or axis, is that point which, striking an immovable object, the whole 
mass shall not incline to either side, but rest in equUibrio without acting on the 
centre of suspension. If a person attempt to strike any object with a straight 
stick, and do not strike it in the centre of percussion, a considerable jarring wiU 
occur, which will not be felt if the blow be given in that point. In a straight 
stick of equal thickness, the centre of percussion is two-thirds of the length of 
the stick from the axis of motion. Generally, the distance of the centre of 
percussion from the centre of motion is equal to the sum of the products of each 
particle of the body, by the square of its distance, divided by the product of 
the whole mass by the distance of its centre of gravity from the axis of 
motion. 

PERCUSSION POWDER. Take two parts of the chlorate of potash, and 
one of antimony ; they must be separately levigated to an impalpable powder, 
in a marble mortar, and mixed together with an ivory knife ; to granulate it, it 
must be made into a thick paste, with spirits of wine, in which must be dissolved 
a little gum mastic to make it adhesive ; and, by forcing it through a hair sieve, 
it will be formed into grains. Four parts of potash, and one of antimony, will 
detonate ; but tliis mixture was found, after a great number of trials by an 
eminent chemist, not to be sufficiently strong to be depended upon. See 
Detonatinq Powders. 

PERPETUAL MOTION is tliat which possesses within itself the principle 
of motion ; and, consequently, since every body in nature, when in motion, 
would continue in that state, every motion once begun would be perpetual but 
for the operation of some external causes; such as those of friction, resistance, 
&c. ; and since it is also a known principle in mechanics, that no absolute 
power can be gained by any combination of machinery, except there being, at 
the same time, an equal gain in an opposite direction ; but that, on the contrary, 
there must necessarily be some lost from the above causes, it follows that a per- 
petual motion can never take place from any purely mechanical combination ; 
yet this is a problem which has engaged the attention of many ingenious men, 
from the earliest period to the present time, though it has hut seldom been 
attempted by men of science since the true laws of mechanics have been so well 
established. 

PERSI.VN WHEEL. See Hyduadlic Machines. 

PERSPECTIVE. The art of delineating objects on any given surface as 
they would appear to the eye if that surface were transparent, and the objects 
themselves were seen through it from a fixed situation. Thus, if on looking 
through a window at any object we were to trace over all the lines of the 
object on the glass, carefully keeping the eye in precisely the same position all 
the time, we should make a persjiective drawing of the object, and the glass 
would be termed the plane of delineation. Every true perspective picture is, 
therefore, an exact copy of the order in which the rays, proceeding from the 
object represented, would intercept in their passage to the eye a transparent 
plane at right angles to the direction in which the eye viewed that object ; 
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which plane is the plane of delineation of the picture, which is large or small, 
according to its distance from the eye. It does not form a part of the plan of 
this work to give a treatise on the art of drawing in perspective ; and the 
foregoing observations have been chiefly made as introductory to the next 
article. 

PERSPECTIVE INSTRUMENTS. A mechanical contrivance designed 
to facilitate the making of drawings in perspective, especially by such persons 
who are unacquainted with the rules by which it is performed. Some of these 
instruments are on optical principles, such as the camera obscura, and the 
camera lucida, already noticed under their proper heads. In praise of the 
latter much has been lately said, and although it must be admitted to be a very 
portable and beautiful instrument, the acquisition of the art of using it is 
extremely difficult to all, and to some persons impossible. Its chief use will be 
that of affording the means of contemplating the real perspective appearance 
of objects, and perhaps to obtain the position of a few points, but for very 
minute delineation it is of little value. One of the simplest mechanical contri- 
vances for taking successively on the perspective plane the various points of an 
object or landscape, and marking them down on paper with accuracy, was long 
since described by Ferguson, to whom the knowledge of it was communicated 
by Dr. Bevis. It consisted of an oblong rectangular board, across the middle 
of which was attached by hinges a movable frame, the sides of which were 
formed of two equal circular arcs, that met together at the top in the man- 
ner of a gothic arch. To the centre of each of these arcs was attached a cord, 
the other ends of which were fastened to sliding pieces traversing their respec- 
tive arcs ; these cords therefore crossed each other, and by moving the slides to 
any part of the opposite arcs, the cords might be made to intersect each other 
at any point in the plane, or space between the arcs. The eye-piece, or hole 
through which the object to be drawn is viewed, is fixed to a slide in the centre 
of one end of the board, and the distance between the eye and the plane of 
delineation may be thus varied to increase or diminish the size of the picture. 
On that half of the board between the frame, (when the same is turned upright 
on its hinges,) and the object viewed, the paper to be drawn upon is pinned 
down. It will now, we think, be plain, that to mark down the exact position 
of any point in a picture, it is only necessary to move the slides so that the 
cords shall intersect at that point ; having thus found it, the arched frame is 
then turned down upon its hinges flat upon the hoard or paper thereon, a mark 
is then made on the latter at the point of intersection of the cords. Suppose 
the mark thus made indicates the extremity of the parapet of a building, the 
slides being then moved so as to intersect the cords at the other extremity, that 
point is also found, and the frame again turned down to mark it ; then by con- 
necting these two points on the paper by a line, the precise inclination and per- 
spective measurement is infallibly correct, and by proceeding to work in this 
manner, aU the outlines of an entire picture may be accurately laid down. 

Many instruments have been contrived for finding (he various perspective 
points, but the process, it must be allowed, is extremely slow ; even the most 
simple figure would require to have many points found in it before its outline 
can be produced ; and if it consisted of curved or irregular lines, many more 
points must be taken in each curve to get a correct delineation. 

Mr. F. Ronalds, of Croydon, has, however, contrived and patented an appa- 
ratus, by which the lines themselves, of whatever form or arrangement they may 
be, maybe drawn directly from the object with the same facility as tracing them. 
The operation simply consists in causing a small bead to traverse in the plane 
of delineation, but the bead cannot make any movement whatever without a 
pencil mechanically attached to it, which traces down on paper, tines precisely 
corresponding with the figure ; in other words, while the bead traverses over 
the lines of the object, the pencil moving with it does of necessity make an 
accurate perspective drawing. Fig. 2, in the following pssge, gives a perspective 
view^f one of the forms of the complete instrument in the manner it is used, 
except that the legs on which it stands are cut off to save space. But in 
order that the reader may easily comprehend its action, we subjoin the annexed 
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diagram, illustrative of the principle. The instrument consists of a straight 
bar e e, moving horizontally on two rollers attached to the table ; / 1 are two 
other bars fixed at right angles to the bar e e, and to each other, the former 
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lying on the drawing paper (horizontally), the latter placed perpendicularly in 
the plane of the picture, all being attached together; if the bar / be moved to 
8ie right or left, the vertical rod I will slide on the rollers in a vertical plane, or 
the plane of delineation. To the bar /is adapted a slider with a pencil, as seen 
in i%r. 2; to this pencil a silk thread is festened, which passes under a pulley in 





the corner where all the bars meet ; thence it proceeds upwards, parallel to the 
bar I, (at which part it carries the small bead,) and finally passes over a pulley 
at the top, having a little weight which falls down the bar or tube I attached to 
' its other end. 

It will now be evident, that if we move the slider with the pencil on the 
horizontal bar, the weight attached to it by means of the silk thread must rise 
or fall through an equal space, and with it the bead placed upon it; and 
whether the pencil be moved to the right or left, or along the bar/, the bead 
must move in the same direction, but in a plane at right angles to it. Having 
explained these two m6tions, it follows that every combination of them, whether 
in curved or straight lines, must be similarly performed both by the bea^ and 
pencil. 

In using the instrument, ifc is requisite to arrange the sight-hole, attached to 
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the bar T, (through which alone the operator must use his eye in sketching,) 
and the position of the bead on the thread, so as to get the drawing within the 
limits of the drawing paper. The handle which is attached to the slider with 
the pencil by an universal joint, must now be moved about, causing the bead to 
traverse over every line of the object, which, being marked down by the pencil, 
we have a fac-siraile of the motions of the bead on the plane of delineation. 
We have in this most ingenious instrument a simple and elegant adaptation of 
the foundation laws of the science of perspective ; it may be called a teacher 
of perspective ds well as a perspectograph. These instruments are constructed 
of various sizes, and packed in cases, including a book of instructions, at very 
moderate charges. They are manufactured by Messrs. Holtzapfell, of Charing 
Cross, in the best style of workmanship. 

PETRIFACTIONS. Stony matters deposited either in the way of incrusta- 
tion, or within the cavities of organized substances, are called petrifactions. 
Calcareous earth being universally ditfused, and capable of solution in water, 
either alone, or by the medium of carbonic acid or sulphuric acid, which are 
likewise very abundant, is deposited whenever the water or the acid becomes 
dissipated. Incrustations of limestone or of selenite, in the form of stalactites, 
or dropstones, are formed in this way, from the roofs of caverns, and in various 
other situations. Some remarkable observations relating to petrifactions are 
thus given by Kirwan ; — 

1. That those of shells are found on or near the surface of the earth ; those 
of fish deeper, and those of wood deepest. Shells in specie are found in im- 
mense quantities at considerable depths. 

2. That those organic substances that resist putrefaction most are frequently 
found petrified, such as shells and the harder species of woods : on the con- 
trary, those that are aptest to putrefy are rarely found petrified, as fish, and the 
softer parts of animals, &c. 

3. That they are most commonly found in strata of marl, chalk, limestone, 
or clay, seldom in sandstone, still more rarely in gypsum, but never in gneiss, 
granite, basaltes, or shorl ; but they sometimes occur among pyrites, and ores 
of iron, copper, and silver, and almost always consist of that species of earth, 
stone, or other mineral that surrounds them, sometimes of silex, agate, or car- 
nelion. 

4. That they are found in climates where their originals could not have 
existed. 

5. That those found in slate or clay are compressed and flattened. 

PETROLEUM. A fluid bitumen, of somewhat greater consistence than 

naphtha, of a black, brown, or sometimes dingy gi-een colour. By exposure to 
the air, it assumes the consistence of tar, and is then called mineral tar. This 
substance exudes spontaneously from the earth, or from clefts of rocks, and is 
found nearly in sdl countries. Near Rangoon, in Pegu, there are several 
hundred weUs of petroleum, which are carefully preserved, and yield annually 
400,000 hogsheads. At Colebrook-dale, in Shropshire, there is a considerable 
spring of petroleum, from which large iron pipes are employed to convey it into 
pits sunk to receive it. From these pits it is conveyed into caldrons, in which 
it is boiled until it attains the consistence of pitch. Since the first discovery of 
this substance, three different springs of it have broken out : one of these is 
near the celebrated iron bridge, and the fluid which issues from it is almost 
pellucid, but, at tiie same time, thicker than treacle. Petroleum easily takes 
fire, and in bummg yields a strong, sharp, and somewhat unpleasant odour; a 
thick and disagreeable smoke. In cold weather it congeals in the open air. 
It is used instead of oil for lamps in some places ; also, when combined with 
various matters, in painting timber, and is supposed to check and prevent the 
future ravages of the worm upon the bottoms of ships coated with it. 

PEWTER, which b commonly called Ham in France, and generally con- 
founded there with true tin, is a compound metal, the jjasis of which is tin. 
The best sort consists of tin, alloyed with about a twentieth or less of copper, or 
other yietallic bodies, as the experience of the workmen has shown to be the most 
conducive to the improvement of its hardness and colour, such as lead, zinc, 
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bismuth, and antimony. There are three sorts of pewter, distinguished by the 
names of plate, trifle, and ley-pewter. The first was formerly much used for 
plates and dishes ; of the second are made the pints, quarts, and other measures 
of beer ; and of the ley-pewter, wine measures, and large vessels. The best 
sorts of pewter consist of 17 parts of antimony to 100 parts of tin; but the 
French add a little copper to this kind of pewter. A very fine silver-looking 
metal is composed of 100 pounds of tin, 8 of antimony, one of bismuth, and 
four of copper. On the contrary, the ley-pewter, by comparing its specific 
gravity with those of the mixture of tin and lead, must contain more than a 
fifth part of its weight of lead. 

PHANTASMAGORIA. The exhibition called by this name is perfonnedby 
means of a magic lantern, constructed on a large scale. In the common magic 
lantern the figures are painted on the glass, and all the rest of the glass is left 
transparent ; but in the phantasmagoria the whole of the glass is made opaque, 
except the space taken up by the figures painted with the transparent colours ; 
hence this difference in the effect is produced, that no light falls upon the screen 
but what passes through the figures themselves, consequently there is no circle of 
light, nor any thing but the figures on the screen. Let the door of a darkened 
room in which the exhibition is to be seen be set wide open, and its place sup- 
plied with a screen of thin silk, or fine linen, or of paper rendered transparent. 
From the outside of the room let the pictures, painted as above described, be 
thrown upon the screen, of a very minute size. They will immediately be seen 
within the room, and, though remarkably brilliant, they will be supposed to be 
distant by the spectators, because they see nothing but the light which comes 
from them. If the lantern be drawn back to a greater distance from the screen, 
the images become gradually enlarged, and appear to approach the spectators, 
and seem pendant in the air. 

PHARMACY. The art of preparing, compounding, and preserving medi- 
cines. The established and authorized modes of practising tins important art, 
are to be found in those books called pharmacopseias. 

PHAROS. A name sometimes given to a lighthouse, from the circumstance 
of the first being built at Pharos, near Alexandria. See Lighthouse. 

PHONICS, or Acoustics. A science which treats of the nature and 
mode of propagation of sound. Whenever any elastic body is made to vibrate, 
it produces corresponding vibrations in the air surrounding it ; these acting on 
the ear, cause its internal parts to vibrate and excite in us the sensation of 
sound. From the necessity of air to the conveyance of sound in ordinary 
experiments, the phenomena of sound have usually been considered as forming 
part of the science of Pneumatics ; but the entire diflTerence of its results, and 
its connexion with elastic bodies generally, sufficiently justify its claim to a 
separate denomination. That sound cannot be conveyed from one part of space 
to another without some material connexion, is well ascertained, and may, to a 
certain extent, be proved, by suspending a bell within a glass receiver of the 
air pump, and exhausting the air ; it wUl then be found that as the air is with- 
drawn, the sound of the bell becomes more and more feeble, so that, at last, it 
is scarcely audible. That air is not the only conductor of sound may be shown 
by various experiments. If a heavy mass of iron, as a kitchen poker, be sus- 
pended by a piece of twine, the two ends of which are pressed against the ears, 
and the poker be then struck against any metallic substance, as a fender, a 
sound will be heard of so great intensity as to resemble the tolling of a bell. 
If two stones are struck against each other under water, the sound may be 
•heard at a great distance by plunging the head beneath the surface of the 
water : Dr. Franklin affirms that he has heard it in this way at the distance of 
half a mile. Sounds are also transmitted to great distances through solid 
bodies. If a slight scratch be made at one end of a long piece of timber, and 
the ear be applied to the other, a distinct sound will be heard. In this manner 
miners hear the sounds made of their fellow-workmen, and thus judge of their direc- 
tion. If a person be placed at one end of a series of metallic tubes, the blows 
of a hammer at one extremity are heard distinctly at the other, two^sounds 
being heard, one conducted by the air, and the other by the metal. To show that 
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sound is really the effect of vibrations in the bounding body, carried to a certain 
degree of rapidity, a long string, or wire, may be stretched by a small weight ; 
the vibrations at first will be distinctly seen, and may be counted ; but in this 
case they produce no perceptible sound. If the weight which extends the cord 
be increased, the vibrations become more rapid, and a sound is heard which 
becomes more acute as the string is more stretched. 

By a number of experiments it has been found that sound travels through 
the air with a velocity of about 1140 feet in a second, or nearly 13 miles in a 
minute. The velocity with which sound travels may be easily proved by a 
simple experiment. Let a gun be fired at a given instant, and let a person 
placed at a known distance, observe the time elapsed before he hears the report, 
and this will determine the time the sound has been travelling over the given 
space. By knowing the velocity with which sound travels, we may ascertain 
the distance of a thunder-cloud, or of a ship in distress. Suppose the light 
from a gun fired at a distance, or from a flash of lightning to be observed at a 
given instant, and that five seconds elapse between seeing the flash and hearing 
the report ; then since the motion of light may be considered as instantaneous, 
the time of seeing the flash may be taken as the instant at which the sound sets 
out; and as it travels 1142 feet in a second, the space passed over in five 
seconds will be 1142-1-5=5710 feet, or 1 mile and 430 feet, which will be the 
distance of the object from which the sound proceeds. According to Dr. 
Thomas Young, the velocity of sound, on an average, is 1130 feet. The sound 
of a gun, or of a hammer, is equally swift in its motion ; the softest whisper 
flies as swiftly as the loudest thunder. The equal velocity of the different tones 
was beautifully shown by Biot in experiments on the pipes of the aqueducts at 
Paris, a distance of about 3000 feet ; an air was played on a flute at one extre- 
mity, and listened to at the other end, and the time was perfectly preserved ; 
and hence the equal velocity of the various notes was demonstrated. Different 
substances transmit sound with different velocities. If the velocity in air be 
represented W 1, the velocity in rain-water wiU be 4J, in sea-water 4t , and in 
brass lOJ. The velocity of sound is uniform. The strength of sounds is 
createst in cold and dense air, and least in that which is warm and rarefied. 
Every point against which the pulses of sound strike becomes a centre, from 
which a new series of pulses is propagated in every direction. Sounds may be 
reflected like light, and thus form what is termed an echo. For the most 
powerful echo the sounding body should be in one focus of the ellipse, which is 
a section of the echoing spheroid, and the hearer in the other. An echo may, 
however, be heard in other situations, though not so distinctly. Thus a person 
often hears the echo of his own voice ; but for this purpose he should stand at 
least 63 or 64 feet from the reflecting obstacle. At the common rate of speaking, 
we pronounce about seven syllables in a second ; in order, therefore, that the 
echo may return just as soon as three syllables are expressed, twice the distance 
of the speaker from the reflecting surface must be equal to 1000 feet; for as 
sound describes 1142 feet in a second, six-sevenths of that space, that is, 1000 
feet nearly, will be described, while six, half, or three whole syllables are pro- 
nounced ; that is, the speaker must stand nearly 500 feet from the obstacle. In 
general, the distance of the speaker from the echoing surface for any number of 
syllables* must be equal to the seventh part of the product of 1142 feet multi- 
plied by that number. When the walls of a passage, or of an unfurnished 
room, are smooth and perfectly parallel, any explosion, or a stamping with the 
foot, communicates an impression to the air, which is reflected from one wall * 
to the other, and from the second to the ear, by which reverberation the primi- 
tive sound is greatly increased in intensity. Sound, like light, may be reflected 
from several places, and collected in one point as into a focus, and it will be 
there mmre audible than at the place from whence it proceeded. On this prin-. 
ciple the whispering gallery is constructed, the form of which must be that of 
a concave hemisphere. Somewhat similar is the effect of Speaking and hearing 
trumpets, which, by reverberating the sounds uttered through them, increase 
their flitensity. By means of an arrangement of these, a deceptive acoustic 
experiment was exhibited, an idea of which may be foimed Iq the following 
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sketch. It was pretended that the invisible girl was witMn the ball d; and 
whenever a person, by applying his mouth to either of the trumpets e, put a 
question, an answer was returned which seemed to proceed from the ball, in the 



centre of which the invisible being was supposed to reside. A reference to the 
cut will explain the manner in which the illusion was accomplished. The 
upper part of the frame-work is hollow ; and by means of the tube y passing 
through the leg of the apparatus and floor of the room into another chamber, 
communicates with another individual h, who is to represent the invisible girl. 
When a person is desirous of trying the experiment, he applies his mouth to 
either of the trumpet-mouths e e e e, and puts his question ; the sound so 
uttered is reflected so as to pass through the boles //, and through the pipe g g 
to h, where it is heard by the person who is then listening. A reply is then 
given through the tube h g g, which, coming out through the hole/, is received 
in the trumpet-mouths, and reflected to the ear of the inquirer at e. The 
trumpets being suspended by silken strings, no visible connexion appears 
between the place whence the sound seems to proceed, and the individual who 
is the author of it ; the illusion is therefore complete. 

PHOSPHATES. Salts formed by the phosphoric acid with the alkalies, 
earths, and metallic oxides. Tlie phosphates at present known amount to 
twelve, two of which are triple ones- 

PHOSPHITES. Salts formed with the phosphorous acid united to the 
earths, alkalies, and metallic oxides. 

PHOSPHORIC ACID. The base of this acid, or the acid itself, abounds 
in the mineral, vegetable, and animal kingdoms. In the mineral kingdom it is 
found in combination with lead in the green lead ore ; with iron in the bog- 
ores, which afford cold-short iron ; and more especially with calcareous earth in 
several kinds of stone. Whole mountains in the province of Estramadura, in 
Spain, are composed of this combination of phosphoric acid and lime. In the 
animal kingdom it is found in almost every part of the bodies of animals which 
are not considerably volatile : there is not, in all probability, any part of these 
organized beings which is free from it. It has been obtained from blood, flesh, 
both of land and water animals ; from cheese ; and it exists in large quantities 
in bones, combined in calcareous earth. Urine contains it not only in a disen- 
gaged state, but also combined with ammonia. 

PHOSPHOROUS ACID is prepared by exposing phosphorus during some 
weeks to the ordinary temperature of the atmosphere. Even in winter the 
phosphorus undergoes a slow combustion, and is gradually changed info a 
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liqiud acid. For this purpose it is usual to put small pieces of phosphorus on 
the inclined side of a glass funnel, through which the liquor that is formed 
drops into the bottle placed to receive it. From an ounce of phosphorus about 
three ounces of acid liquor may be thus prepared. 

PHOSPHORUS. A substance which shines by its own light. The dis- 
covery of this singular substance was accidentally made in 1677, by an alchemist 
of Hamburgh, named Brandt, when he was engaged in searching for the philo- 
sopher’s stone. Mr. Boyle is also considered to have discovered it ; he commu- 
nicated the process to Godfrey Hankwitz, an apothecary of London, who, for 
many years, supplied Europe with phosphorus ; and hence it went under the 
name of English phosphorus. In the year 1774 the Swedish chemists, Gahn 
and Scheele, made the important discovery, that phosphorus is contained in the 
bones of animals; and they improved the process for procuring it. The most 
convenient process for obtaining it seems to be that recommended by Fourcroy 
and Vauquelin, which we shall transcribe. Take a quantity of burnt bones, 
and reduce them to powder; put 100 parts of this powder into a porcelain or 
stone-ware basin, and dilute it with four times its weight of water ; 40 parts of 
sulphuric acid are then to be added in small portions, taking care to stir the 
mixture after the addition of every portion. A violent effervescence takes 
place, and a great quantity of air is disengaged. Let the mixture remain for 
twenty-four hours, stirring it occasionally to expose every part of the powder to 
the action of the acid. The burnt bones consist of the phosphoric acid and lime ; 
but the sulphuric acid has a greater affinity for the lime than the phosphoric acid. 
The action of the sulphuric uniting with the lime, and the separation of the 
phosphoric acid, occasion the effervescence. The sulphuric acid and the lime 
combine together, being insoluble, and fall to the bottom. Pour the whole 
mixture on a cloth filter, so that the liquid part, which is to be received in a 
porcelain vessel, may pass through. A white powder, which is the insoluble 
stdphate of lime, remains on the filter. After this has been repeatedly washed 
wim water, it may be thrown away ; but the water is to be added to that part 
of the liquid which passed through the filter. Take a solution of sugar of lead 
in water, and pour it gradually into the liquid in the porcelain basin ; a white 
powder falls to the bottom, and the sugar of lead must be added so long as any 
precipitation takes place. The whole is to be again poured upon a filter, and 
the white powder which remains is to be well washed and dried : the dried 
powder is then to be mixed with one-sixth of its weight of charcoal powder, 
rut this mixture into an earthenware retort, and place it in a sand bath, with 
the beak plunged into a vessel of water ; apply heat, and let it be gradually 
increased till the retort becomes red hot. As the heat increases, air-bubhles 
rush in abundance through the beak of the retort, some of which are inflamed 
when they come in contact with the air at the surface of the water. A sub- 
stance at last drops out similar to melted wax, which congeals under the water ; 
this is phosphorus. To have it quite pure, melt it in warm water, and strain it 
several times through a piece of chamois leather, under the surface of the 
water. To mould it into sticks, take a glass funnel with a long tube, which 
must be stopped with a cork ; fill it with water and put the phosphorus into it : 
immerse the funnel in boiling water, and when the phosphorus is melted and 
flows into the tube of the funnel, then plunge it into cold water ; and when the 
phosphorus has become solid, remove the cork and push the phosphorus from 
the mould with a piece of wood. Thus prepared, it must be preserved in close 
vessels containing pure water. When phosphorus is perfectly pure it is semi- , 
transparent and has the consistence of wax : it is so soft that it may be cut 
with a knife. Its specific gravity is fi'om 1.77 to 2.03. It has an acid and 
disagreeable taste, and a peculiar smell, somewhat resembling garlic. When a 
stick of phosphorus is broken, it exhibits some appearance of crystallization. 
The crystals are needle-shaped, or long octahedrons ; but to obtain them in their 
most perfect state, the surface of the phosphorus, jus^ when it becomes solid, 
should be pierced, that the internal liquid phosphorus may flow out, and leave 
a cavity for their formation. When the phosphorus is exposed to the light it 
becomes of a reddish colour, which appears to be an incipient combustion. It 
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is therefore necessary to preserve it in a dark place. At the temperature of 
90® it becomes liquid; and if air be entirely excluded, it evaporates at 219®, 
and boils at 554°; at the temperature of 43® or 44° it gives out a white smoke, 
and is luminous in the dark ; this is a slow combustion of the phosphorus, which 
becomes more rapid as the temperature is raised. When phosphorus is heated 
to the temperature of 148°, it takes fire, bums with a bright flame, and sends 
out a great quantity of white smoke. Phosphoras enters into combination with 
oxygen, azote, hydrogen, and carbon ; it is soluble in oils, and, when thus dis- 
solved, forms what has been called liquid phosphoms, which may be rubbed on 
the face and hands without injury ; it dissolves, too, in ether, and a very beau- 
tiful experiment consists in pouring this phosphoric ether in small portions, and 
in a dark place, on the surface of hot water. The phosphoric matches consist 
of phosphorus, extremely dry, minutely divided, and perhaps a little oxygenized. 
The simplest mode of making them is to put a little phosphorus, dried by 
blotting-paper, into a smalt phial ; heat the phial, and when the phosphorus is 
melted, turn it round, so that the phosphorus may adhere to the sides. Cork 
the phial closely, and it is prepared. On putting a common sulphur-match into 
a bottle, and stirring it about, the phosphorus will adhere to the match, and will 
take fire when brought into the air. 

PHOSPHURETS. Substances formed by an union of the alkalies, earths, 
and metallic oxides, with phosphoms. Thus we have phosphuret of lime. 

PHOTOMETER. An iustmment designed to exhibit the different quan- 
tities of light, especially in bodies illuminated in different degrees. In Lesslie’s 
photometer, the essential part is a glass tube, like a reversed S}q)hon, whose 
two branches should be equal in height, and terminated by balls of equal 
diameter : one of the balls is of black enamel, and the other of common glass, 
into which is put some sulphuric acid, tinged with carmine. The motion of the 
liquid is measured by means of a graduated scale ; the. zero is situated towards the 
top of the branch that is terminated by the enamelled ball. The use of this 
instmment is founded upon the principle, that when the light is absorbed by a 
body, it produces a heat proportional to the quantity of absorption. When the 
instmment is exposed to the solar rays, those rays that are absorbed by the 
dark colour heat the interior air, which causes the liquor to descend at first with 
rapidity in the corresponding branch. But as a part of the liquor which had 
introduced itself by means of the absorption is dissipated by radiation, and as 
the difference between the quantity of the heat lost and that of the heat acquired 
goes on diminishing, there will be a point where (these two points having 
become equal) the instmment will be stationary, and the intensity of the 
incident light is then estimated by the number of degrees which the liquor has 
mn over. 

Mr. Ritchie, of Nain, has constmeted a very simple photometer, on the prin- 
ciple of Bougier. It consists of a rectangular box, about an inch and a half or 
two inches square, open at both ends, and blackened within for the purpose of 
absorbing irregular light. Two rectangular pieces of plain mirror are placed 
within the box, at right angles with each other, and at an angle of 45° with the 
sides of the box. A rectangular opening is cut in the upper side or lid of the 
box, about an inch long and an eighth broad, and, passing over the line formed 
by the intersection of the two mirrors, is half over the one and half over the 
other ; the aperture is to be covered with a 
slip of fine tissue, or oiled paper. When 
. used, it is to be placed in the same straight 
line, between the two flames to be compared, 
they being distant si.x or eight feet from 
each other, and is to be moved until the disc 
of paper is equally illuminated by the two 
flames. The illuminating powers of the two 
flames will then be direptly as the squares of their distances from the middle 
of the photometer. In viewing the illuminated disc, it is well to look at it 
through a prismatic box, about eight inches long blackened within, to alftorb 
strong light. Sometimes, instead of using mirrors and 'he paper-screen, the 
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inclined planes are covered with white paper, and looked at directly through 
the aperture. However the instrument be used, a mean of several observations 
should be taken, the instrument being turned round each time. When the 
lights are of different coloiurs, the plan Mr. Ritchie recommends is, to cover the 
rectangular opening in the instrument with a piece of fine white paper, printed 
distinctly with a small type ; the paper is to be brushed over with oU, and then the 
instrument being placed between the lights, they are to be moved till the printing 
can be read continuously along the paper with equal ease on the one side as on the 
other. In the second form, the printed paper is to be pasted on the mirrors, or 
the incUned surfaces against which they lie, and is then to be read through the 
opening. It is advantageous to enlarge the openings in these applications of 
printed paper. 

PIANO-FORTE. A musical instrument, resembling the harpsichord, (of 
which it is an improvement,) in which the tone is produced by hammers, instead 
of quills, upon the strings. Of all the keyed instruments, as observed in the 
Oxford Encyclo/piEdia, the piano-forte seems to merit the preference, on account 
of the superior tone, sweetness, and variety, of which, by the ingenuity of 
British artists, it has now become susceptible. It was, as early as the beginning 
of the last century, that hammer-harpsicords were invented at Florence, of 
which there is a description in the Giomale d' Italia, 1711. The invention made 
but a slow progress ; the first that was brought to England was by F ather W ood, 
an English monk at Rome. The tone of this instrument was so superior to that 
produced by quills, with the additional power of producing aU the shades of 
piano and forte by the finger, that though the touch and mechanism were 
so imperfect that nothing quick could be executed upon it, yet the Dead March 
in Saul, and other solemn and pathetic strains, when executed with taste and 
feeling, by a master a little accustomed to the touch, excited equal wonder and 
delight in the hearers. Backers, a harpsichrard-maker, constructed several piano- 
fortes ; and although he improved the mechanism in several respects, he failed 
in the tone. After the arrival of John C. Bach in this country, and the esta- 
blishment of his concert, in conjunction with Abel, all the harpsichord-makers 
tried their mechanical powers upon piano-fortes ; but the first attempts were 
always on the large sixe, till Zump4, a German, constructed small piano-fortes, 
of the shape and size of the original, of which the tone was very sweet, and the 
touch, with a little use, equal to any degree of rapidity. Pohlman, whose in- 
struments were very inferior in tone, fabricated a great number for such persons 
as Zumpd was unable to supply. Large piano-fortes afterwards received great 
improvements in the mechanism by Merlin, and, in the tone, by Broadwood, 
Stoddart, dementi, and others. The harsh scratching of the quills of a 
harpsichord can now no longer be borne. A great number of improvements 
have been made of late years, which have been the subjects of numerous 
patents. Some of these we now proceed to notice. 

The first which presents itself to our attention is the patented improvement 
of Mr. Wheatstone, of Jermyn-street, for augmenting the tone by the introduc- 
tion of drums, or similar vibrating surfaces, against which the sounds elicited 
reverberate ; these, it is said, not only augment the tone, but improve the 
melody. For this pmpose, wooden frames are fitted to the inside of the instru- 
ments, upon which is tightly stretched paper, parchment, vellum, or similar 
substances, which constitute the drum. These, being placed as near as possible 
to the sounding-boards of the instruments, are powerfully acted upon by the 
vibration of the notes given out; and to conduct the sound elicited with greater 
effect to the ears of the auditory, trumpet-shaped apertures are made through 
the cases of the instruments. 

To give to piano-fortes the rich and lengthened tones of the violin, a patent 
was t^en out by Mr. Todd. This is effected by the pressure of the foot of the 
player upon a pedal, which puts in motion an endless band (furnished with 
powdered resin), which is made to rub against the particular wire in connexion 
with the key that is depressed by the finger of the player ; and thus the same 
effect is produced as by t)ie bow over the strings of the violin. Instruments 
so constructed will therefore have two distinct sets of tones ; that is, when the 
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pedal b acted upon, the lengthened and beautiful tones of the violin will be 
produced ; without it, those of the ordinary piano. 

The invention b not, however, confined to piano-fortes, but to all other 
instruments wherein the sounds are produced by the vibration of wires, or 
strings of catgut ; but the most eligible instrument for its application, b the 
piano, more especially those of the upright or cabinet kind. The annexed 
diagram we have therefore selected from the specification, to explain the con- 
struction and modes of action of this ingenious contrivance, when applied to 
piano-fortes of the latter description. The figure gives a vertical section of the 
part ; thus a shows one of the wires stretched across the bridges, by means of 
tension pins over the body of the instrument, c c b an endless band revolving 



which are set in motion by the treadle d, operated upon by 
is to be made of cloth, catgut, or other material capable 
an-: ” • powdered rosin, e e is a frame of wood on which is made to turn a 
piece/, md there are as many of these frames and swinging pieces as 
in the instrument. On each swinging piece are fixed wires, bent 

shown; their ends are reduced to a conical figure to form centres, 
♦W revolve small brass roUers, as that at g. h is one of the keys of 

a moving on its fulcrum pin, and its two stops are shown at ii; 

Ll woody IS fixed into the key, carrying above it, in a horizon- 

tn tSfli ’ "P“" swinging piece/; the wire h is fixed 

nn In It, "j m®imf of nuts placed on either Side of the stem, which screw 

tn tTira of the Wire, and by these means the extent of motion to be given 

denre«ar?"i?!”.u regulated. It will now be seen that when any key b 

the enilb= C °f ‘K®. the little brass roller g is pressed against 

rub against which, bending it a little out of the right line, causes it to 

the bow ovei- f, ^ *’'®.''> *“d thereby produce a similar eflect to the drawing of 
me DOW over the strings of a violin. 
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The next invention which we shall notice is that of Mr. James Stewart, of 
George-street, Euston-square, who had a patent for it in 1830. It will be 
observed that there are several motions connected with the operations of a piano 
which require great precision as to their time, duration, and intensity of action. 

The hammer must be made to strike the string at the same instant that the damper 
is withdrawn, and the hammer having done its duty must be instantly removed 
(even before the finger of the performer has left the key,) from the string, to 
allow the vibration to take place, and then the damper must return to stop the 
vibration of the string the moment that the finger is withdrawn from the key. 

Now as all the motions must be obtained by a very slight touch of the finger, 
and without any noise, the levers and connecting rods, by which they are trans- 
mitted from the keys to the strings, become important considerations with 
piano-forte makers, and Mr. Stewart lias simplified the action, and rendered it 
more certain, by the introduction of a short lever placed over, and parallel with 
the interior end of the finger lever. This lever being short, and joined near its 
movable end by' a small connecting brass rod to the finger lever, furnishes in 
itself the required variety of motions, by placing the rods which act upon the 
hammer, damper, &c. at different distances from the fulcrum on which it turns. 

In addition to this, Mr. Stewart has introduced an improved inclined plane for 
receiving the tail of the hammer, and stopping it silently, after it has struck the 
string. 

To obviate the objections which have heen'raised to the elevated casing of the 
upright or cabinet piano-fortes, especially those whose fronts are covered with 
silk, which have a tendency to deaden the voice in case of accompaniment, 

Mr. Simon Thompson, of Yarmouth, has contrived to obviate the necessity of 
any portion of the instrument rising above the locking board, so that the top of 
the instrument is flat like a table. This object he effects by lowering the string 
frame, till its upper surface coincides with the top of the locking board, and 
making; the keys bent levers, turning twice at right angles between the fulcrum 
on which they move, and the extremities which act upon the hammers. On 
the inner ends of each key, rests an upright guide wire, or slight rod, and 
to this are attached various projecting pieces which actuate the hammers, the 
dampers, &c. much in the usual manner; so that this improvement, which is a very 
important one, is obtained without in the smallest degree altering the other 
parts of the instrument. 

The spirit of improvement in this interesting branch of art seems recently to 
have equally pen aded our transatlantic brethren. In the Journal of the Franklin 
Institute, (which contains accounts of all the American patents,) we observe one 
by Mr. Jesse Thompson, of New York, dated October, 1830, for an improvement 
in the action of the upright piano-forte, some points in which our own manu- 
facturers may deem worthy of adoption in a modified form. The following claim 
attached to the specification of this patent, will give to those acquainted with 
the subject a general idea of the variations introduced in this action. “ What 
I claim as new, and as my own invention, is, first, the application of the finger 
lever directly to the foot of the connecting rod, dispensing with the jack, springs, 
and all intermediate gearing. By this more immediate operation of the finger 
on the hammer, no time is lost between the touch and the blow ; the action is 
more controllable by the finger ; the blow is quicker, and more powerful ; the 
hammer can never block ; it relieves less from the string, and requires much 
less depth of touch. The simplicity of its construction renders the work much 
cheaper, and less liable to get out of order, than any known action. From this • 

perfection of the action, I have been able to render the span of the natural 
action to six and a half inches, and the others in proportion, without in anv 
degree interfering with a clear and rapid execution : or the common span of 
the octave may be retained. Second, the placing the dampers below the 
hammer rail, by which position the dampers fall on the brass strings near the 
middle of them, and thus more instantaneously and efiectuftlly stop their vibra- 
tion, and may be raised by the simpler and cheaper modes herein specified.” 

The Ihtroduction of cast iron into the framing of piano- fortes, in lieu of the 
cumbrous masses of wood previously used, to resist the powerful tension of so 
^many wires, was a great modern improvement, to \jhich we believe we stand 
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indebted to M. Pleyel and Ca, of Paris. At the present time the substitution 
of metal for wood is general. 

This part of the mechanism was considerably improved by Mr. J. C. Schwieso, 
of Regent-street, for which he obtained a patent in 1831. The string board of 
the piano-forte is secured between a stout cast iron frame, and to the latter is 
cast a projecting plate, through which the tuning pins pass. These tuning pins 
are made of steel, their lower ends are turned cylindrical, for coiling the ends of 
the wire, and the upper ends are made square for the reception of the key. To 
give these tightening pins the requisite friction to retain any required degree 
of tension on the strings, and enable them to be lumed with facility, they are 
tapped below the square head to receive a nut, which screws against the upper 
side of the projecting plate, and they have underneath a collar and washer, which 
are drawn against the plate by the action of the nut above, leather washers being 
also interposed to give a degree of elasticity to the bearing parts. To produce the 
requisite friction, the nuts are screwed up ; and in order that the pins may be 
turned at pleasure, without altering the friction by which they are held, each nut 
is perforated with two holes, and the square key which fits over the square beads 
has at its extremity two projecting pins, which enter the holes in the nuts, 
and therefore turn the pins and nuts ti^ether without altering the friction. 
Mr. Schwieso applies tightening pins of this kind to the harp and violin. 

Since the introduction of cast-iron frames for piano-fortes, considerable 
expense has been incurred in drilling the holes for, and fitting in the pins, so 
as to give them the properties mentioned in Mr. Schwieso’s patent. To remedy 
these inconveniences, Mr. W. Allen, of Catherine-street, Strand, casts two dove- 
tailed grooves along that end of the frame where the tightening pins are to be 
inserted, into which he drives pieces of wood of a corresponding shape, to fill 
up the dovetailed grooves, and to receive the tuning pins. It is evident, that by 
this ingenious and simple contrivance, the expense of manufacture will be 
diminished, and the instruments will be improved. 

Self-acting Pianofortes have of late years been introduced : they combine the 
most rapid and brilliant execution with distinctness and neatness. Their har- 
mony is necessarily more full than can be produced by eight fingers, the elements 
of chords having no other limit than the extent of its scale ; the time cannot 
be otherwise than perfectly equable throughout, yet where pathos is to be 
expressed, the time can be accelerated or retarded in any degree. 

The mechanism of a self-acting piano-forte usually or principally consists of 
a cylinder turning horizontally on its axis^ acted upon by a coiled spring, and 
related by a fly-wheel. On the surface of the cylinder, a determined arrange- 
ment of brass pins is formed, each of which, in passing under a rank of levers, 
elevates one end of the required lever, and depresses the other. The depressed 
end pulls down with it a slender rod, which is connected by a slide withithe tail 
of a bent lever, on the further end of which is the hammer which strikes the 
string. The sh'de can be shifted further from, or nearer to the axis, on which the 
hammer lever turns, and thus the stroke of the hammer is made feeble or strong 
to any required degree. When wound up, the instrument will continue to play 
for a considerable time ; and it is provided with a bench of keys like the ordi- 
nary piano-forte, so that a person may accompany the instrument, or play a 
duet with it 

A very beautiful instrument of this kind we have seen, that was manufac- 
tured by dementi and Co. ; it had two barrels, each of which played nine tunes. 
The velocity was regulated by two revolving halls, similar to the governor of a 
steam-engine. 

Messrs. Rolfe and Sons, of Cheapside, have distinguished themselves in this 
branch of art by several improvements, which were the subject of a recent patent. 
These improvements they divide into three sections ; and their self-acting piano- 
fortes are constructed either with the first section only, or with the first and second 
section combined, or'with the three sections united. The first section consists of a 
new apparatus for effecting the transitions of forte ani piano, by which means the 
difficulty of producing those desirable changes is removed, by transfeifing the 
mechanical action from the weakest and most uncertain part of the arrangement, 
viz. the cylinder, to the m«re powerful and certain action of the engine, by which^ 
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transfer the liability to derangement in instruments intended for exportation is 
avoided. To this branch of their patent, Messrs. Rolfe and Sons have annexed 
a hand movement, or register, by which the existing arrangement, or distribu- 
tion oi forte and piano, may at any time be changed, or altered to suit particular 
views, or may at any moment be removed from the government of the self- 
acting apparatus which produces the effect, and be operated upon by the hand, 
and again be restored to the control of thb machine, at pleasure. 

The second section consists of a new barrel movement for changing the tunes, 
which is effected by the introduction of an inclined plane, which forms an 
abutment for the axis of the cylinder. This plane is divided into eight portions, 
and is moved by a radial lever upon a pinion, which by its rotation one revolu- 
tion moves upon a second dial an index to the extent of one eighth of its cir- 
cumference, moving the inclined plane to a proportionate extent. By this 
simple arrangement the motions are rendered very steady and accurate, and 
eight distinct airs may thus be performed. 

The third section consists in the application of a set of dampers to the self- 
performing action, which are altogether independent of the dampers ; so that 
each note of the self-acting or mechanical part of the instrument, in common 
with each particular note of the finger action, possesses its appropriate damper, 
connected with and identified by its kindred note, hammers, or keys, and acting 
simultaneously therewith. In conjunction with the application of the mecha- 
nical dampers, suitable staples are introduced into the cylinders, which, acting 
upon each'particular damper as occasion may require, suspends its operation, and 
enables them to retain the vibration of any given note, or the root and relative 
intervals of harmonious combinations, in the same manner as the finger of a 
performer sustains the vibration of chords, whose existence is to be prolonged 
by continued pressure of the keys, according to the duration expressed by the 
determined value given to them by the author in the eomposition performed. 
In addition to this, the whole set of mechanical dampers are occasionally raised 
by the cylinder, according to circumstances, in order to produce the effect, or 
full swell, of the open pedal when moved by the foot of the performer. 

PIER. A strong erection jutting into the sea, for affbrding shelter to 
shipping and small craft, or for the convenience of landing goods and pas- 
sengers. For the former purpose they are usually constructed of very massive 
and durable materials, wrought together in the most solid manner ; such as 
immense stones, dovetailed into each other, and cramped with iron, being sup- 
ported on the outside by large piles driven into the ground, and strongly framed 
together by several rows of cross pieces. A rocky point is generally chosen (if 
to be obtained) for joining the pier to the land ; the other end is extended out 
into the sea, either in a right line or a cufve, but more generally the latter, to 
form an enclosed harbour for shipping within the curve. Breakwaters are more 
frequently in straight lines ; chain-piers are also straight, as that at Brighton : 
the construction of these is precisely similar to suspension bridges. See Bridge. 

PIERS, of a Bridge. The walls or masses from which the arches spring. 

PIERS, in Building and Architecture. The wall interposed between two 
windows ; also the buttresses or masses of wall raised to strengthen buildings. 

PILE-ENGINE. A machine for driving piles into the ground, to make a 
solid foundation for buildings, the construction of piers, wharfs, &c. As these 
engines are of every-day observation, and are figured in all previous works of 
this nature, we shall confine ourselves to a brief verbal description. By means 
of the mechanism of a common crane, a heavy iron weight, called the ram, is 
raised perpendicularly between two lofty guides of timber, framed together at 
the top and laterally, clear of the ram. Just as the ram attains to its highest 
elevation, a projecting lever from the hook to which the ram is suspended meets 
with a fixed obstruction to its upward passage, that bends the lever downwards, 
and thus unhooks the ram, which, falling from a great height, strikes the head 
of the pile with tremendous force, driving it into the grofind. The hook and 
chain ^ow descend, and the hook, coming in contact with the top of the ram, 
locks itself thereto again by means of a spring or lever-cactli, when it is drawn 
up again to repeat the operation. 
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PIN. A well-known little instrument, chiefly used to adjust or fasten the 
clothes of women and children. Altlioiigh consisting of merely a piece of wire, 
with a head and a point, great mechanical ingenuity has been exercised to 
perfect its construction at a cheap rate ; but such is the extent of the con- 
sumption, and consequent importance of the manufacture of pins, that there are 
many establishments where upwards of two tons, containing about 20,000,000 
in number, are made weekly. The ordinary method of making pins has been 
thus described by various authors on the subject. Brass wire, drawn to the 
required size, is straightened by drawing it between steel pins, set in a zigzag 
form upon a bench, and afterwards cut into such lengths as will each make six 
pins of the required size. These lengths are pointed at the ends by boys, who 
sit each with two smalt grindstones before him, turned by a wheel. Taking up 
a handful, he applies the wires to the coarsest of the two stones, moving them 
round at the same time, and in such a position as to produce evenly-rounded 
and well-tapered conical points, which are perfected and sharpened by him 
afterwards upon the smoother stone. A lad of twelve years of age will thus 
point 16,000 in an hour. The length of a pin is then cut off each end of the 
pointed wire, and the remaining portion of wire is treated in a similar manner, 
successively, until the six pins of each length have been pointed. The next 
operation is heading, or rather “head-spinning;” the heads being prepared for 
subsequent putting on, by winding a finer wire around another wire of the size 
of the pin, by the rapid revolution of a kind of spinning-wheel. The internal 
wire being drawn out leaves the external wire of the form of a tube of circum- 
volutions ; this tube is cut into short lengths, of only two circumvolutions, each 
of which forms one head ; these are made red-hot in an iron pan, over a furnace, 
to soften them, that they may not spring under the hammer in fixing them on. 
These annealed beads are distributed to children, who sit with little anvils and 
hammers, the latter being worked by means of the feet upon treadles. Taking 
up a pin, they thrust its blunt end amongst a quantity of the head-spinnings ; 
and, catching up one, they apply it immediately to the anvil, and, by means of 
two or three blows of the hammer, compress the head firmly upon the end of 
the wire, with remarkable dexterity. The several motions of the little operator 
succeed each other so rapidly that it requires the closest observation of the pro- 
cess, many times repeated, to enable a stranger to perceive how it is performed. 
The pins have now to be whitened, which is elfected by putting them in a 
solution of tin in the tartaric acid. Here they remain untd they have acquired 
an extremely thin coat of the tin, which presents, when withi:awn from the 
bath, but a dull appearance : the pins are therefore thrown with some bran into 
ad)arrel, which, being in revolution upon its axis, the bran thus rubs the pins 
quite bright ; they are then taken out, and the bran separated from them by 
a winnowing machine. Machines have, however, been recently constructed, 
in which a coil of wire is converted into pins without any manual intervention, 
or any extraneous assistance whatever. 

PINCHBECK, or Psisce’s Metal. An alloy of copper, much resem- 
gold in colour. It consists of one part zinc to five or six parts of 
copper. 

PINION, in Mechanics, a small-toothed wheel, which drives, or is driven by, 
a larger. 

PINNACE. A small vessel, navigated with oars and sails, and having 
generally two masts, which are rigged like those of a schooner. One of the 
boats belonging to a man-of-war, for carrying the officers to and from the shore, 
is called the pinnace. 

PIPE. A cask containing from 110 to 140 gallons of wine; the Madeira 
pipes containing about 110, and the Port and Lisbon from 138 to 140 gallons. 

PIPES, for the conveyance of water and other liquids, are made of lead, iron, 
stone, potteryq wood^Indian-rubber, &c. Of iron there are two sorts, — wrought 
and cast. 

Wrouyht-iron pipes are made out of plates of the required thickness, Jength, 
and breadth ; so that when coiled into a circular form, the edges may lap over 
each other. To make sound, good work of this kind requires great address and 
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rapidity of execution in the welding operation; so that the ordinary smith 
rarely attempts it, preferring to purchase the article, or get it made by the 
regular tube-makers. The manufacture of wrought-iron tubes has lately, with 
considerable success, been effected by machinery, under a patent granted to 
Mr. Whitehouse (for Mr. Russel), of Wednesbury. The sides of the metal 
being bent up with swages, so as to bring the edges nearly together, he intro- 
duces the lubes so prepared into a furnace, and, when brought to a welding 
heat, to the operation of a small tilt-hammer : the face of the hammer, as well 
as that of the anvil, have semi-cylindrical grooves, corresponding with the size 
and shape of the tubes under manufacture ; and between these the tube is gra- 
dually passed along, receiving in its progress a rapid succession of blows from 
the hammer. When the welding is thus completed, the tubes are in a rough 
state; they are therefore again heated in the furnace, and passed between large 
round rollers, which give to the tubes a smooth exterior surface; as they 
emerge from the pressure thus given, they come in contact with a fixed round 
rod, of the proper size of the bore of the tubes or pipes, over which they are 
forced by the rollers ; and thus the Interior as well as the exterior are brought 
to a smooth and true cylindrical surface. 

Cast-irm pipes, of which immense quantities are used for the conveyance of 
gas, water, and other fluids, are made in the following manner. The mould for 
casting is thus prepared : strong cast-iron flanged cylinders, about three feet 
long, and having an internal diameter greater than the outside of the intended 
pipe. These cylinders divide longitudinally into halves, which are secured 
together by iron cramps ; in this state one of them is placed upright upon a 
firm foundation, underneath the jib of a crane, to which is suspended a smooth 
cylindrical mandril ; this mandril is then lowered perpendicularly into the centre 
of the cylindrical mould until it rests in a hole in the stand at the bottom, and 
leaves around the mandril a void space of equal dimensions, in which position 
it is secured by wedging pieces at the top. Sand duly prepared and moistened 
is then put into the void space by degrees, until it is filled, ramming it down at 
intervals, to render it equally solid throughout. The smooth mandril is then 
carefully drawn out by the crane, and the sand-charged cylinder is removed to 
the drying stove. Other cylinders are similarly charged, and dried in the 
stove. To make the core, the moulder takes a quadrangular bar of iron, about 
a foot longer than the intended pipe, wraps it along with a hay-band, and 
inserts it centrically into a pipe smooth in the inside, of the length, and of the 
same internal diameter as the required pipe ; a mixture of sand loom, hair, Src. 
is now rammed between the cylinder, and is thus forced amongst the fibrous 
matter around the bar, to which it firmly adheres when drawn out of the smooth- 
sided cylinder; the core thus produced being dried in the stove, is ready for the 
casting. As the length of cast-iron pipes for water is usually nine feet, three 
of the before-mentioned cylindrical sand-boxes are put into requisition for the 
purpose; they are placed one upon the other upright in a pit, and connected 
together ‘by cotters through their flanges. The sand and loam core before 
mentioned, is now carefully lowered from a jib into the centre of the combined 
sand-boxes, which is insured by a projecting piece of the iron bar entering a 
socket at the bottom, and the upper end is secured by a collar of claj'. The 
space now left between the core and the cylinder of sand is now filled with 
liquid metal through an orifice in the clay at top, by means of a ladle, charged 
from the tap hole of the furnace, which is carried and poured into the mould 
by the casters, if not too heavy ; but if so, this carriage is assisted by a truck 
or drag, and the ladle or pot discharged by the aid of pulley tackle. When 
the mould is cooled, it is hoisted by the crane altogether from the pit ; the 
outer eases are taken off the iron rod withdrawn, and the pipe being cleared 
from the sand inside and out, is ready for clearing, examination, and use. In 
the casting of very large cylinders, a similar process is adopted, except that the 
metal is allowed to flow directly from the furnace, along a trench into the 
mould. 

Hancock's patent Pipes . — A patent was taken out in 182G by Mr. Walter 
Hancock, of Stratford, in Essex, for the manufacture of water or other pipes. 
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that should he as durable, but less expensive, than the cast-iron pipes we have 
been just describing ; and as the manufacture of these may be advahtageously 
conducted in situations where the products of a foundry cannot easily be pro- 
cured, we annex the ingenious process of the patentee. 

Sheets or strips of iron or copper are selected of the appropriate lengths, 
breadths, and thicknesses, for making the proposed pipes. In making a cylin- 
drical pipe, the sheet must be of greater width than the circumference required, 
and of a true rectangular figure. Each of the two opposite edges are then to 
he doubled or folded back, as shown by the annexed figure a. The sheet is 


then to be bent round by the ordinary means into a cylindrical form, and the 
edges turned back as shown in the annexed Fig.- b. A slip 
of sheet iron, of the same thickness and length as the before- 
mentioned, writh parallel sides, is then doubled back at the 
edges in the same manner as shown at c ; this piece is then 
slided over the ends of b, so that the edges of both shall 
mutually envelope and brace each other, in the manner 
exhibited in the following Fig. d ; the joints thus made are 
then brought into close contact by hammering. This 
method of joining the tubes may with equal facility be 
effected on the inside, if in turning the sheet up into the 
cylindrical shape it be bent the reverse way, as shown in Fig. e. The project- 
ing part of the joint being inside, is preferable in many cases. The tube, as 
now described, the patentee calls his inner tube, to distinguish it from the 





exterior covering it afterwards receives, to increase its strength and durability. 
This is effected by winding round the inner tubes iron hoops, or narrow strips 
of metal, rivetted end to end in a spiral direction, with the coils in close contact 
generally, but sometimes a little apart, to give them elasticity in bending. The 
operation is performed by fixing the tube upon a wooden roller, of a diameter 
nearly corresponding with the internal diameter of the said tube, and the roller 
is mounted horizontally upon an iron axle in a fixed frame, with a handle for 
turning it round at one or both ends. One of the ends of the hoop iron is then 
made fast to the end of the tube by a rivet, and being held in an oblique posi- 
tion with the axis of the roller, the latter is turned round, while sufficient ten- 
sion is given to the hoop iron to make it be close and tight to the tube during 
the coiling operation ; after which it is fastened to the other end of the tube 
by another rivet. A hoop or ring is now put on hot, to each end of the tube 
at right angles with the axis, for the greater security of the previous binding ; 
these end hoops, as they cool, contract in their circumference, and consequently 
fix themselves, and bind all the parts of the tube firmly together. 

The tubes are next to be immersed in liquid cement, contained in a vessel of 
siutable capacity to receive them ; the cement is thus made to enter and fill up 
every fissure or interstice between the several parts of the tubes. The cement 
is composed of the following ingredients and proportions, mixed and pelted 
together; viz. 2 lbs. bees’ wax, 2\ lbs. linseed oil, 12 lbs. common white resin, 
18 lbs. pitch, 1 lb. tallow, and 16 lbs. of plaster of Paris, or Roman cement, or 
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quicklime in powder ; and when it is desired to give a greater degree of elas- 
ticity and toughness to the cement, 2 lbs. of Indian rubber, previously dissolved 
in five quarts of oil of turpentine, are to be added. 

To protect the outside of the pipes from rust, one or more layers of canvas, 
saturated with the cement, are to be wrapped round it. In lieu of this, some- 
times the patentees put a tube of sheet iron for the external covering, and fill 
up the interstices between with cement. 

In order to connect such pipes together, a tube, similar to those already 
described, is prepared, of a length somewhat more than its diameter, which should 
be about three quarters of an inch greater than the diameter of the tubes to 
be connected ; the latter being placed end to end, with the piece of connecting 
tube extending equally over each, and the annular space between the tubes are 
filled in with cement. To prevent the cement from getting in between the two 
opposed ends of the tubes, they are previously brought into contact, and covered 
at the point of junction, with a pley or two of oakum. At each end of the con- 
necting tube is fixed a wooden ring, and the annulus thus rendered uniform is filled 
with the cement, in a hot and liquid state, by an iron syringe inserted in a hole 
made in the connecting tube. Instead of iron, the patentee makes use of wood 
sometimes for his inner tubes ; these are composed of a number of pieces laid lon- 
gitudinally side by side, and arranged in a circle. This tube is put upon a wooden 
roller, similar to the before-mentioned, and being turned round, it is covered 
spirally with iron hoops. For large sized tubes, wood is preferable, as being 
stiffer and stronger than those made of sheet iron of moderate thickness. The 
wooden tubes, bound in iron, are completed by similar processes to those 
described in the other kind. 

Bagshaw’s patent earthen pipes are thus made : — Chlindrical plugs of wood, 
of the same diameter as the bore of the intended pipe, and of the same length, 
are coated with a sufiScient thickness of clay, or plastic earth, which has been 
duly prepared in the manner practised in the potteries. To perfect the exterior 
form of the pipe, an external mould is to be employed, consisting of two semi- 
cylindrical pieces, which are to he placed on each side of the intended pipe, 
when the edges are to he brought together by screwing them up, which will 
press out the superfluous clay from the mould ; the exterior mould being next 
removed, the pipe will be found completely formed upon the plug ; in this state 
it is to be dried ; after which the plug may be easily withdrawn, and the pipes 
finished, hy baking them in an oven. The pipes are to be connected together 
by inserting the smaller end of one into the larger end of another, and filling 
up the interstices between them with Roman or other soft fluid cement. Pipes 
produced in a similar manner, of which the material was a cement or imitation 
of stone, have likewise been brought into use. 

Some years since Mr. Murdock took out a patent for the economical fahrica- 
tion of pipes of reed stone, the process combining the advantage of making solid 
cylinders at the same time. In forming a pipe or hollow cylinder of stone, 
instead of cutting out in useless scraps, or grinding to powder, the whole 
diameter of the bore, the patentee cuts out a core or solid cylinder, whose out- 
side diameter is only about half an inch less than the inside diameter of the 
pipe. In like manner, when he intends to form a column or solid cylinder, or 
disc of stone, instead of breaking ofi^ cutting, or chiseling away the super- 
fluous parts of the stone, these parts are formed into a hollow cylinder, the core 
of which is the solid cylinder or disc required. Hence, if the stone is large 
enough to leave the outside parts of a proper thickness, these parts may be used 
as a pipe, and the core may either be used as a solid cylinder or column ; or, 
by a farther operation, it may be converted into a pipe, and the cylinder cut 
out of It may again be converted into another pipe, which process may be con- 
tinued untd the core cut out is too small to be useful. 1 he following is the 
mode adopted by the patentee of accomplishing it ; — ^he fi.xes the block of stone 
to be perforated in an upright position, and in the centre«of the top of the block 
of stoje, a step to receive the toe of a vertical spindle, which derives its motion 
from a pulley turning in plummer-blocks in a fixed frame above ; this axis is 
considerably longer than the pipe or column to be formed, having the faculty 
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of sliding vertically through the aforesaid horizontal pulley, over which it is 
suspended by a rope that passes round a vertical pulley, and thence is connected 
to a winch to wind up the axis at pleasure. The saw employed is at the edge 
of a hollow cylinder (on the same plan as that described by ns for trepanning, 
under the article Annular Saw), and this hollow cylinder is turned by the 
spindle through the medium of cross-arms, through which the axis slides ; and, 
in order to give the requisite force to the annular saw, the top of the tube to 
which it is fixed is loaded, provided its own weight he insufficient : the motion 
given to the saw, though circular, is reciprocating. To effect this, a rope passes 
round the pulley at the upper part of the axis, and the two ends of the rope are 
conducted in opposite directions over two vertical pulleys, over which the two 
ends of the rope respectively fall, where they are each furnished with a cross- 
handle ; one workman takes hold of one handle, and another workman the 
other, and pulling alternately the pulley at the top of the axis, together with 
the annular saw, is made to reciprocate circularly, cutting an annular groove in 
the block of stone. A barrel of sand and water is made to deliver these essen- 
tial auxiliaries to the saw in the following manner : — it is directed to the upper 
end of the axis above the tube, which it enters, and runs down into the annular 
groove under the edge of the saw, whence it flows upward by the pressure of 
the continued descending current on the opposite side, and thus carries off the 
sludge clear of the saw. Stone tubes of this kind were employed by the Man- 
chester Water Works Company. 

Elastic tubes of Indian rubber are extensively used for the transmission of 

f as and corrosive liquids ; and they are admirably manufactured by Mr. Thomas 
fancock, of Goswell-street Road. Mr. Thomas Skidmore, an American gen- 
tleman, whose process is a good one, is as follows : — Take a cylindrical rod of 
iron of the desired length, round this closely coil annealed wire in the manner 
of a spiral spring, care being taken that the edges of the coiled wire shall touch 
each other, but shall, at the same time, not be so firmly wound as to prevent its 
slipping off the rod : then cover the wire with tape spirally from end to end, 
and upon it lay strips of Indian rubber, wound in a similar manner, with their 
fresh cut and clean edges lapping upon each other. Then hind these down 
tightly with another coil of tape : after this withdraw the rod, and boil the tube 
in water for an hour or two ; when cool, remove the wire and, tapes, and an 
Indian rubber tube will be produced, which, though rough, will be perfectly 
sound if the process has been properly conducted. 

The method of making leaden pipes has been described under the article 
Lead; but we will take the opportunity of mentioning in this place, that it appears, 
W some recent experiments made by Mr. Jardine, of the Water Company’s 
Works at Edinburgh, that a lead pipe of IJ inch bore, and the fifth of an inch 
in thickness, was found capable of sustaining a power equal to that of a column 
of water 1000 feet high, which is equal to 30 atmospheres, or 420 pounds per 
square inch of internal surface. With a pressure of 1200 feet it began to swell, 
and at with 1400 feet it burst. In another experiment, a pipe two inches in 
diameter, and one-fifth of an inch thick, sustained 800, but burst with 1000 
feet pressure. 

Wooden pipes for the conveyance of water, are bored by means of large iron 
augers, worked by one or two men, who commence with a small bore, and 
increase it as the work proceeds, by changing the auger to a larger size, which 
are sometimes extended to eight or nine inches in diameter. The tree in the pro- 
cess of boring, is laid horizontally upon tressels constructed to support and hold 
it firmly, and the augurs are similarly supported and guided, so as to pass cen- 
trically through the tree. The manual operation is of course slow, and extremely 
laborious : machinery, worked by steam, or other power, has therefore been 
introduced to execute the work. 'The piece of timber, or tree, is held down upon 
a frame by chains passing over it, and round two windlasses. The frame and 
tree, thus bound together, run upon small wheels traversing tw o long -beams, 
called ground-sills, pfaced on each side of a pit, dug to receive the chips made 
by the borers. At one end they are connected by a cross-beam, bolte^ upon 
them ; this supports the bearing for a shaft, the extremity of which, beyond the 
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bearing, is perforated at the end of a "square hole to receive the end of the 
borer. The timber and carriage are made to advance towards the borer by 
means of ropes ; one rope being made to wind up, while the other gives out 
and draws the carriage and piece of timber backwards and forwards according 
as the wheel is turned. The weight of the borer is supported by a wheel 
turning between uprights fixed on a block, the end of which rests upon the 
ground-siUs : it is moved forward by means of two iron bars, pinned to the 
front cross-bar of the carriage. The distance between the wheel and the car- 
riage may be varied by altering the iron bars and pins, so as to bring the wheel 
always as near as convenient to the end of the tree. The shaft may be turned 
by any first mover. When the borer is put in motion by turning the wheel, he 
draws the tree up to the borer that pierces it ; when a few inches are bored, he 
draws the tree back by reversing the motion of the wheel, in order that the 
borer may throw out its chips ; he then returns the tree, and continues the pro- 
cess until the work is finished : the borer, in this case, be its size what it may, 
is of the same shape as that of a common auger. We would suggest the 
employment of spiral augers instead of the common, as the former would 
dehver the chips as it proceeded, and not require withdrawal until the perfora- 
tion wa^ completed. 

Some years ago Mr. Howel, of Oswestry, invented a machine for making 
concentric wooden pipes out of one piece of timber, the mechanism of which 
was on the same principle as that we have described under Mr. Murdock’s 
patent for sawing out stone pipes, who, it appears, derived the principle of 
operating from Mr. Howel, and modified it so as to adapt it to the cutting of 
stone. 

Tobacco-pipes . — The clay of which these are made is obtained from Purbeck, 
in Dorsetshire, and at Teignmouth, in Devonshire, in large lumps, which are 
purified by dissolving in water in large pits, where the solution is well stirred 
up, by which the stones and coarse matter are deposited ; the clayey solution is 
then poured off into another, where it subsides and deposits the clay. The 
water, when clear, is drawn off, and the clay at the bottom is left sufficiently 
dry for use. Thus prepared, the clay is spread on a board, and beaten with an 
iron bar to temper and mix it ; then it is divided into pieces of the proper sizes 
to form a tobacco-pipe ; each of these pieces is rolled under the hand into a 
long roll, with a bulb at one end to form the bowl ; and in this state they are 
laid up in parcels for a day or two, until they become sufficiently dry for 
pressing, which is the ne.xt process, and is conducted in the following manner : — 
The roll of clay is put between two iron moulds, each of which is impressed 
with the figure of one-half of the pipe ; before these are brought together a 
piece of wire of the size of the bore is inserted midway between them ; they 
are then forced together in a press by means of a screw upon a bench. A lever 
is next depressed, by which a tool enters the bulb at the end, and compresses it 
into the form of a bowl; and the wire in the pipe is afterwards thrust backwards 
and forwards to carry the tube perfectly through into the bowl. The press is 
now opened by turning back the screw, and the mould taken out. A knife is 
next thrust into a cleft of the mould left for the purpose, to cut the end of the 
bowl smooth and flat ; the wire is carefully withdrawn, and the pipe taken out 
of the mould. The pipes, when so far completed, are laid by two or three days, 
properly arranged, to let the air have access to all their parts, till they become 
stiff when they are dressed with scrapers to take off the impressions of the 
joints of the moulds ; they are afterwards smoothed and polished with a piece 
of hard wood. 

The next process is that of baking or burning ; and this is performed in a 
furnace of a peculiar construction. It is built within a cylinder of brickwork, 
having a dome at top, and a chimney rising from it to a coiisiderable height, to 
promote the draught Within this is a lining of fire-brick, having a fireplace 
at the bottom of it. The pot which contains the pipfts is formed of broken 
pieces of pipes cemented together by fresh clay, and hardened by burning ; it 
has <? number of vertical flues surrounding it, conducting the flame from tb 
fire-grate up to the dome, and through a litde in the d"nie into the chiinnei 
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Within the pot several projecting rings are made; and upon these the bowls of 
the pipes are supported, the ends resting upon circular pieces of pottery, which 
stand on small loose pillars, rising up in the centre. By this arrangement a 
small pot or crucible can be made to contain fifty gross of pipes without the 
risk of damaging any of them. The pipes are put into the pot at one side, 
when the crucible is open ; but when filled, this orifice is made up with broken 
pipes and fresh clay. At first the fire is but gentle, but it is increased by 
degrees to the proper temperature, and so continued for seven or eight hours, 
when it is damped, and suffered to cool gradually; and when cold, the pipes are 
taken out ready for sale. 

PISTON. That part in a steam engine on which the elastic force of the 
steam exerting itself puts it into motion ; and which, through the medium of 
the piston rod connected thereto, actuates the entire machine. The term piston 
is likewise sometimes employed to designate what is more generally termed the 
“ bucket ” of a pump. There is no part of the steam engine in which correct 
principles of construction and accurate workmanship are so essential. If the 
sides of the piston which rub against the cylinder or steam-way do not touch 
in every part, the steam escapes, power is lost, and fuel is wasted. If the piston 
rubs hard in one place, and softly in another, the cylinder becomes unequally 
worn, and its utility impaired or destroyed. To obviate these difficulties, 
therefore, the rubbing surfaces of a piston should not only be made as uniformly 
as possible, but also elastic, in order that it may expand and fill up all inequalities 
of surface with a gentle pressure. The usu^ mode of effecting this object is 
represented in the subjoined section of a 
common piston for a low pressure engine ; 
a is the lower face of the piston made of 
metal, to which is fixed the piston rod b, 
that passes through the top plate c, which 
is made fast to the lower by screws dd; 
aiee is the packing (as it is termed,) 
made of hemp, saturated with tallow, 
which is wound and bound round the 
annular cavity made between the plates 
a and c ; this elastic packing, as it wears away by friction against the cylinder, 
is occasionally screwed up, by turning the screws d d, which forces it out against 
the sides of the cylinder ; and when entirely reduced, it is renewed by repacking 
with fresh materials. From want of due care and skill in this kind of packing, 
a great loss of power in an engine is often sustained, either by the steam passing 
the piston, or by its being squeezed so tight as to cause great friction, and soon 
wear itself out. If the steam of an engine be weak, and the packing of the 
piston press tightly against the cylinder, the whole, or nearly the whole of the 
power may be expended in giving it motion, especially in cylinders of small 
diameter. On the contrary, if the packing presses very weakly against the 
cylinder, and the steam be very strong, the steam will push the packing away, 
and pass to the other side of the piston ; and it should be borne in mind, that 
' when this happens, it is not only the loss of the steam, but the reaction which 
it exerts on the other side, neutralizing an amount of force equal to its own 
volume. For these reasons, it becomes obvious that pistons should possess 
another property, that of being tight in proportion to the 
force of the steam which presses upon them. Several 
'' plans have been proposed to construct pistons on that 
principle, amongst which are the following, proposed by 
a correspondent in a periodical journal in 1823, which 
perhaps deserve notice, as furnishing useful hints to the 
practical man. 

In the annexed Fig. 1, A A is a metal plate sliding 
upon the piston rod ; Ik D is the solid part of the piston, 
connected with the plate by a band nn; the space C C 
IS to be filled with oil or other oleaginous fluid. By this arrangement it will be 
evident that the greater the force of the steam, or other pressure, upon the surfaces 
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of the plates, the more closely will the packing be piessed against the sides of 
the cylinder. 

The annexed Fig. 2 is a variation from the last ; the 
top and bottom plates are fixed, and the steam acts 
upon short bolts or plungers h b, which, by being pressed 
inwards, force out the packing at the sides. Fig. 3 
represents a mode of applying the principle to metallic 
pistons. A A is a metallic plate shding on the piston 
rod, and made in the form marked by the dark line. 

At B B are metalUc rings of a triangular form, divided 
and breaking joint : D D is the solid part. The pres- 
sure of the steam will cause the plates to descend, 
which, pressing upon the inclined planes of the rings, 
of course causes them to expand, and adhere to the 
sides of the cylinder ; a small space is left between 
the solid part and the plates, to allow for the descent 
of the latter, hut in no way so great as represented ; 
the figures being only designed by the inventor to show 
the principle, and not the details of construction. 

Pistons packed with hemp and tallow continued in 
use, with very little variation, from the time of Captain 
Savery to that of Dr. Cartwright, a period of ninety-nine years. That scientific 
clergyman had, however, the honour of first introducing, in an ingenious engine 
of his own construction, an expanding or elastic piston made entirely of met^, — 
an invention of indispensable utility in aU engines working at high pressure. 

As this piston has been considerably modified by various engineers, which we 
shall have to notice hereafter, we shall here state briefly that it consisted of two 
rings of brass, of the full size of the cylinder ; these rings were each cut into 
three or more segments, and laid one over the other, so as to break the con- 
tinuity of the vertical joints between the segments ; concentric with those seg- 
ments were a similar arrangement of segments inside the others, which were 
intended to stop the steam from passing horizontally ; in the cavity between all 
the segments were placed feather springs, designed to press the segments outward 
to fill up the cylinder as either that or the piston wore. These pistons, however, 
proved very defective ; for as the exterior segments wore, and conformed to a 
larger circle, the inner segments, which had no wear, were no longer concentric 
with those outside of them, and crevices were thus opened, through which the 
steam escaped past the piston. 

Amongst those persons who directed their attention to the improvement of 
this important part of the engine, Mr. John Barton was the most successful. 
In the annexed engravings. Fig. 1 represents a plan of the piston, with the top 
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plate removed, and Fig. 2 a vertical section of the same, taken on the line b edb 
on the plan, uaa a are four metal segments ; bbbh four right-angled wedges 
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interposed between the segments, their points forming a portion of the peripherj-; 
ccc c is a thin steel spring, formed into a single broad hoop, and pressed into 
the undulated form represented, by which it is found to act with uniform energy 
upon the wedges, until they and the segments become so much worn in the 
course of time, that the steel spring recovers itself into its original circular 
figure ; d is the frame-work cast in one piece with the lower plate of the piston ; 
e is the piston rod ; the dark spaces shown on the plan within the circular frame 
d are cavities to lessen the weight of metal; the other dark spaces are cavities 
to allow of the free action of the circular spring. 

To prevent the segments from falling out of their places whilst the piston is 
being taken out, or put into the cylinder, the periphery of it is grooved near to 
its upper and lower edge, in which are sunk two slight spring hoops, cleft across 
into forked joints, which close together simply by their elasticity. To lubri- 
cate the piston, there is a third groove, made midway between the two former 
for the reception of the oil ; these parts are not introduced into the figures. 
The action is as follows ; as the piston and cylinder wear away by the friction, 
the circular spring c presses out the wedges b, and these project the segments 
against the cylinder ; and as the segments become reduced, the wedges fill up 
the increasing opening between them. 

An objection has heen raised against this piston, that as the wedges must 
move through a greater space than the segments, in order to press the latter 
into the circumferential line,* the wedges must in consequence rub twice as 
much against the cylinder, and consequently score it. This objection we believe 
to be unfounded ; and as far as our experience and observation have extended, we 
have found the wear very uniform. Mi-. Barton, perhaps, softens the segments, 
or makes them of an alloy, which is more easily abraded than the segments ; 
sometimes (we have been informed,) he obviates the supposed tendency of 
scoring, by cutting out a portion of the end of the wedges, so that they do not 
bear upon their whole depth or thickness against the cylinder, consequently 
they will abrade twice as fast as the segments, supposing them to be equally hard. 
A great variety of metallic pistons have been made of late years, but we know 
of none that have so fully answered the purpose as the recently patented im- 
provement by Mr. John Jl'Uowall, of Johnston, near Paisley, who has a 
manufactory of them at Manchester, where, we understand, great numbers are 
advantageously working in the engines of the factories. We have seen them in 
other parts of the kingdom, and can attest their superior excellence. 

In the specification of his patent, Mr. M ‘Dow-all states, that his experience 
in the working of cast-iron pistons led him to observe that the surfaces of the 
metal betweeen the segments and the plates against which they slide rapidly 
corrode, and become converted into a substance resembling plumbago, by which 
the effectiveness of the piston is of course seriously impaired. As a remedy 
for this defect in cast-iron pistons, he lines or covers the aforesaid surfaces with 
plates of brass or gun metal, which he connects by screwing or pinning to the 
cast-iron, and thus acquires the durability of the gun metal at a trifling addi- 
tional expense above cast-iron. 

Another important improvement which Mr. M'Dowall has introduced, 
consists in a modified construction of the segments, and in the steam stops 
or slides by which they are pressed outwards. In the figure on the next 
page is exhibited an external elevation of one of these cast-iron pistons : a is 
the piston rod which passes through a solid central block, the upper part of 
which is seen at b, and through the top plate c, and bottom plate d, the latter 
being made fast to the bottom of the central block through the medium of the 
piston rod ; the top plate c, for the convenience of removal at pleasure, is fas- 
tened to the central block 6, by means of screws e e e. Between the top and 
bottom plates, and around the periphery of the central block, are fitted an 
expanding ring of se^ents, two of which are seen at //; these segments 
instead of being diviSed by perpendicular cuts, as usual, have these parts 
inclined, as seen at y, which thus overlap each other, and cause the cylinder to 
be equally worn, f which would not be the case w-ere the apertures between the 
divisions vertical.) The inclined crevices through which the steam might pa-^s 
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is stopped by movable sliding pieces, which are made to press continu.illy 
against the segments by the agency of springs, in the same manner as the wedges 
are acted upon by the springs in Barton’s piston, previously described. One of 
these sliding pieces is seen at g, the projeetmg part of it being of a rhomboidal 



figure, that fills up corresponding notches made in the corners of the seg- 
ments, and those parts which come in contact, and are represented by a single 
line, are faced and ground to each other, to prevent the upward or downward 
passage of the steam ; and to stop it laterally, the slides are ground to fit the backs 
of the segments to which they are connected, by dove-tailed grooves, represented 
by the two parallel dotted lines h h. The double lines at i, both above and below 
the se^ents, indicate the brass linings before mentioned. Mr. .M'Dowall’s 
patent includes the application of the same improvements, namely, the sliding 
steam stops, and the brass linings to the air-pump buckets of steam engines, 
described under the article Valvl, to which his principal improvement in 
this appendage relates. 

PITCH. A resinous substance, obtained by the inspissation of tar. 'There 
are two methods of obtaining it ; one by simply boiling the" tar in large iron 
pots, or by setting it on fire and letting it burn until it obtains such a consistence 
as, by dipping a stick in it, and e.xposing it to the air, it readily solidifies. Two 
barrels of the best tar, or two and a half barrels of green tar, are thus con- 
vertible into one barrel of good pitch. The foregoing has reference only to tar 
obtained from the pine-tree and other vegetable matters; but a large quantity 
of tar and pitch are obtained in this country from coal. On the banks of the 
Grand Junction Canal, in the vicinity of the large iron and coal works, there 
were established some years ago several “tar-works,” to which the iron masters 
sent their raw coal, gratis, and received, in return, the cokes produced by such 
coal ; the proprietors of the tar-works being contented with the compensation 
afforded by the smoke alone : the following is the process of obtaining it : — A 
range of eighteen or twenty stoves is erected, and supplied with coal kept 
burning at the bottom; the smoke is conducted by" proper horizontal tunnels into 
a capacious and close funnel, of one hundred or more yards in length : this funnel 
is built of brick, supported by brick arches, and covered on the top by a shallow 
pond of water, which pond is supplied with water, when wanted, by a steam engine 
belonging to the coal or iron works. The coldness of the water gradually con- 
denses the smoke, causing the tar to fall on the floor of the funnel, whence it is 
conveyed by pipes into a receiver; from the latter it is pumped into a boiler, 
and evaporated to the required consistence, or otherwise inspissated into pitch 
when tde latter is the case, the volatile particles which arise during the inspis- 
sation are again condensed into an oil used as a varnish. In this process the 
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smoke is decomposed, nothing arising from the work but a white vapour from 
some small funnels (kept open to give draft to the fires), and a small evaporation 
of water from the pond, occasioned by the heat of the smoke underneath it. 
The process requires hut little attendance, the principal labour being that of 
supplying the fuel. In a tar-work, where twenty tons of coal are consumed 
per day, three labourers and a foreman do the whole business ; and the quan- 
tity of tar produced will be about 28 barrels of 2J cwt. each ; or 21 barrels of 
pitch of the same weight, in six days. Some coals are, however, so bituminous 
as to yield one-eighth of their weight of tar. 

PIVOT. A short shaft on which a body turns or revolves. 

PLAN. A representation of something according to the proportion of its 
parts, made on a flat surface, as on paper, pasteboard, &c. ; such are maps, 
charts, &c. By the term plan, however, a draughtsman understands it to be 
cither a ground plan of a building, machine, &c., or the arrangement and 
exact proportions of a horizontal section made in any part of the same. 

PLANE, in Geometry and Mechanics, a perfectly flat surface in whatever 
position, as horizontal plane, vertical plane, inclined plane. If a sphere be cut 
by a plane, the section will be a circle. If a prism or cylinder be cut by a 
plane, either through or parallel to its axis, the section will be a parallelogram ; 
and if either of' these he cut by a plane parallel to its base, the section will be 
similar to that base. Also, if a cylinder be cut obliquely by a plane passing 
through its opposite sides, the section will be an oval or ellipse. If a pyramid 
or cone be cut by a plane passing through the axis, the section will be a triangle ; 
but if they be cut parallel to the base, the section will be similar to the base. 
If a cone be cut by a plane parallel to its side, the section will be a parabola ; if 
it be cut obliquely, so that the plane does not pass through either the base_ or 
the opposite cone, the section is an ellipse; if it be cut by a plane which 
passes through the base and the opposite cone, hut does not pass through the 
vertex, the section is a hyperbola ; and, lastly, if it be cut by a plane, either 
parallel to the base, or in sub-contrary position to it, the section is a circle. 

PLANE. An instrument employed for shaving wood and other substances 
to a true plane or smooth surface, of which there are a great variety ; they are 
usually divided into two principal kinds, namely, bench-planes and moulding- 
planes ; of the former, the principal are the long, jack, trying, and smoothing- 
planes; each of these is again distinguished into double or single iron, according 
as the cutting part is formed. The single iron is an iron blade, the lower end 
of which is steel ; and the cutting-edge is formed by grinding it to a single acute 
angle, as represented by the piece marked d in the following cut ; its operation 
is party of a cutting and partly of a scraping nature. In planing some kinds 
of wood great inconvenience was found from this form by its frequently tearing 
up the surface instead of smoothing it ; a partial remedy for this defect was, in 
consequence, introduced about thirty years ago, by which another plane-iron, 
called a “ top-iron,” represented at e, was added to the under 
one by means of a strong connecting screw, which causes the 
edge to press closely upon the lower one. The cutting-edge 
of d, which projects a little beyond c, is, therefore, the same 
as before ; hut it is prevented from entering so deeply into 
the wood, or rather, the shaving which has been abraded from 
the wood receives a new direction by the abrupt interposition 
of the top iron e, and prevents the surface of the wood from 
being tom. This improvement is so decided as to cause almost an entire 
disuse of single iron planes. The remedy, however, is incomplete, especially 
for the planing of very hard woods ; for which purpose, in particular, Mr. 
Williamson, of Kennington, has found it advantageous to modify the single 
iron d, by making it of greater thickness, and giving it a bevel on both the top 
and bottom sides, at an angle similar to that shown on the under side of d. By 
this altered form of #dge, it will be evident that it partakes more of the scraping 
action ; yet it is found to obviate more effectually the defects of former construc- 
tions. The edge is stronger and more durable ; it gives a beautiful smooth 
surface almost without the aid of the scraper ; and, from its utility to workmen, 
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entitles the inventor to the reward (of ten guineas) given to him for it by the 
Society of Arts. It is peculiarly valuable in planing hard woods across the 
grain ; as in preparing box for the use of engravers. 

PLANE-CHART, in Navigation, a sea-chart constructed on the supposition 
of the earth and sea being an extended plane surface. Such charts have, 
consequently, the meridians represented as right lines to each other. 

PLANE-SAILING. The art of performing the several reckonings necessary 
for conducting a ship on the ocean on the principles of the plane-chart. 

PLANE-TABLE. An instrument by which the draught or plan of an 
estate, &c. may be taken on the spot, while the survey or measuring is going 
on. It consists of a perfectly flat rectangular board, sufficiently large for the 
purpose, the centre of which moves freely on a ball and socket attached to the 
top of three legs, on which the instrument stands ; by this means, when the 
legs are fixed in the ground, the-table may be inclined or moved round in any 
proposed direction. For the purpose of fixing a sheet of paper on the table, 
there is a frame of wood, which fits exactly round its edges ; one side of this 
frame is graduated into equal parts, and the other side into degrees from the 
centre of the table ; by which means this instrument is made to answer the 
purpose of a theodolite. To the side of the table is screwed a magnetic needle 
and compass, to take directions and bearings; and, lastly, there is a brass two- 
foot scale, furnished with two open sights, or else a small telescope, serving as 
an index. The use of, the plane-table is as follows : — Having moistened a sheet 
of writing or drawing paper, spread it flat on the table, and secure it in this 
position by pressing down the frame on its edges. When this paper is dry it 
will be perfectly smooth, and ready to have drawn on it the plan of the proposed 
scene. We then begin by setting up the table at any part of the ground that is 
judged most proper ; and having done this, a point is made in some convenient 
part (of the paper to represent the spot where the instrument stands ; we are 
then to fix in that point of the paper, on a leg of the compasses, or a fine steel 
pin, and apply it to the fiducial edge of the index, moving it round the table 
close to the pin till some desired point or remarkable object, such as the corner 
of a field, a tree, a picket, &c. be seen through the sights ; from the station 
point an obscure line is then to be drawn along the fiducial edge of the index. 
We then turn the index to another object, and draw a line on the paper towards 
it. The same process is repeated till as many objects are set as may be 
deemed necessary for the purpose. We then measure from our station to 
each of these objects, taking the necessary oflsets to corners and bendings 
in the edges, &c., laying down the measured distances, taken from a proper 
scale, upon the respective lines on the paper. The table is then to be 
removed to any one of the objects to which the measuring was made, as a 
second station. Here it must be fixed in its original position, turning it about 
the centre for that purpose, both till the magnetic needle points to the same 
degree of the compass as at first, and also by laying the fiducial edge of the 
index along the line between the two stations, and turning the table till the 
former station can be seen through the sights on the index : it is to be fixed in 
that position. From this new station repeat the former operations, setting 
several objects by the edge of the index, and measuring and laying off the dis- 
tances. In this manner we proceed from one station to another, measuring such 
lines only as are indispensable, and determining as many as possible by inter- 
secting lines of direction, drawn from different stations. If, before the survey 
be completed, the paper be full of lines, measurements, &c., recourse must be 
had to another sheet of paper. Draw a line in any manner through the farthest 
point of the last station line to which the work can be conveniently laid down ; 
then remove the sheet from the table, and fix a perfectly clean sheet in its 
place, drawing upon it, in a part the most convenient for the rest of the work, 
a line to represent that drawn at the end of the work on the former sheet. Cut 
or fold the old sheet by this line, and apply the edge sS that it may exactly 
coincide with the corresponding line on the new sheet. WhUe they lie together 
in this position, produce the last station line of the old sheet upon the new one. 
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aod place upon it the remainder of the measurement of that line, beginning 
where the work ended on the old. In this manner the process may be continued 
from one sheet to another, till the proposed survey is complete. When the 
survey is finished, the sheets are all to be fastened together, taking care that 
the lines in one sheet accurately meet the corresponding lines in another 
throughout. 

PLANETARIUM. An astronomical machine of the same nature as the 
orrery, designed to exhibit the orbits, motions, and phenomena of the planets in 
the solar system. In a machine of this kind, which was constructed by Huggens, 
and is preserved in the University of Leyden, the revolution of the primary 
planets about the sun, and that of the moon round the earth, are performed in 
the exact time that they are actually performed in nature. The orbits of the 
moon and planets are here represented with their true proportions, eccentricities, 
positions, and declinations from the ecliptic ; and by this machine, as by a per- 
petual ephemeris, the situations, conjunctions, oppositions, &c. of the planets 
for any time may be accurately determined. Dr. Desaguliers constructed a 
very complete planetarium, which he has described in his Course of Experi- 
mental Philosophy, published in 1734; but the most stupendous, superb, and 
elaborate planetarium ever constructed, was that which was publicly shown in 
London in 1791, and afterwards purchased by government to be sent out with 
Lord Macartney, in 1793, as a present to the emperor of “ the Celestial empire.” 
It exhibits all the bodies, both primary and secondary, of the solar system, with 
their orbits in their due proportions and positions, and all performing their 
annual and diurnal motions exactly as in nature, exhibiting, at all times, the 
true and real motions, positions, aspects, phenomena, and even the inequalities 
of their motions in elliptical orbits. As engravings of planetariums have, how- 
ever, been exhibited in all the Cyclopaedias and works of mechanical science, 
and as every mechanic well understands that their motions are regulated by a 
numerous train of wheels, which it would be extremely tedious to detail, pre- 
cisely in the same manner as in horological machines (the hands or indexes of 
which, instead of bearing planets at their extremities point out the time), we 
shall content ourselves with referring the reader to the article Astronomy in the 
Oxford Encyelopcedia, for a very full and interesting account, illustrated by 
engravings, of several admirable machines of this kind. 

•'PLANING MACHINES. For the planing of wood and metal on the large 
scale, by power, extensive and varied mechanism has been employed ; in the 
invention and furtherance of which the late Mr. Bramah largely contributed. 
Under the article Flooring we have described Mr. Muir’s patent planing 
machinery. 

PLATINA. One of the metals, and the heaviest body hitherto discovered in 
nature; its specific gravity being 21.54 when pure. It is obtained from an ore or 
metallic sand brought from South America, which contains, besides platina, four 
new metals, namely, palladium, iridium, osmium, and rhodium ; also iron and 
chrome. Platina, combined with palladium and rhodium, is as hard as iron. 
It is not altered by exposure to the air, neither is it acted upon by the most 
concentrated simple acids, even when boiling or distilled from it. It is very 
malleable, though considerably harder than gold or silver, and it hardens much 
under the hammer. Its colour on the touch-stone is not distinguishable from 
that of silver. Pure platina requires a very strong heat to melt it ; but when 
urged at a white heat, its parts will adhere together by hammering. This pro- 
perty, which is distinguished by the name of welding, is peculiar to platina and 
iron, which resemble each other, likewise, in their infusibility. Platina is 
obtained by dissolving the crude metallic particles in nitro-muriatic acid, preci- 
pitated by ammonia, and exposed to a very violent heat, by which the acid and 
alkali are expelled, and the metal is reduced in an agglutinated state, when it 
may be pressed together by a button-headed iron, be taken out of the furnace, 
forged, reheated, and forged again into a bar. Willis found that platina might 
sometimes be melted upon a bed of charcoal in a crucible ; and M. Bousingault 
recently found that it might always be melted in a blast furnace, if the crucible 
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be lined inside with a mixture of clay and charcoal ; the silicon, in his opinion, 
assisting in the reduction. Platina may be melted in quantities not exceeding 
two ounces at a time, by the oxy-hydrogen blow-pipe, and be kept in fusion for 
some time. Platina is much used for crucibles, evaporating dishes, and even 
alembics. Though it resists most of the acids, it is acted upon by caustic 
potash, and several of the neutral salts. The proper solder for it is gold. 
The concentration of sulphuric acid is now usually performed by platina stills, 
with leaden heads. Mr. Parkes has one of this kind, which holds only thirty- 
five gallons, yet cost 300 guineas. 

plating, or Plated Manufacture. The art of covering other metals 
with silver. The method known by the name of French plating was usually 
applied to articles made of brass, after the}’ were, in other respects, finished. 
After the goods were polished, and perfectly free from grease, &c., the part to 
be plated was heated to a temperature somewhat short of changing the colour 
of the metal. Leaf silver was now laid upon the part, and, while hot, was 
rubbed on with a hardened steel burnisher, perfectly dry and clean. By this 
means the silver adhered firmly to the brass, which, from the action of the bur- 
nisher, assumed a fine polish : these had much the appearance, in colour and 
lustre, of those of the present day ; but they possessed but little permanence : 
this art is, therefore, scarcely now practised, from the introduction of the supe- 
rior plan of plating upon ingots of copper, and forming the utensils out of the 
sheets and the wire made from the ingots. 

The plated manufacture is divided into three departments, to each of which 
there is a distinct set of workmen. Those employed in making vessels such as 
are required to be raised by the hammer, are called braziers. The second sort 
are called candlestick-makers, being exclusively employed in making all the 
varieties of these articles. The third are called pierce workers ; these were 
originally employed in making articles with ornamental open work, such as 
bread-baskets and trays of different kinds ; but this species of work has now 
become obsolete, since the invention of plated wire. The articles in which 
pierce work had been made, are now formed by the varied intersections of 
wires, which give great lightness and elegance, with less waste, and more expe- 
dition. 

Previously to describing the different branches of this art, we shall give the 
method of preparing the plated sheets and wire, of which all the different 
articles are made. The ingots on which the silver is laid are not pure copper, 
but an alloy, consisting of copper and brass ; this gives it a degree of stiffiiess 
greater than that of copper, which renders it less liable to be deformed when in 
use. The metals are melted to a proper heat, in a peculiar furnace appropriated 
to that purpose. The heat of the metals, and the temperature of the mould 
when the metal is poured, are of great importance as far as regards the sound- 
ness of the ingot. When the metal is too cold, and its liquidity of course 
imperfect, the impurities cannot freely ascend, which causes imperfection in 
its substance. The same effect may take place from the moulds being cold ; 
this, with the great conducting power of the metal mould, rapidly robs the 
metal of its caloric, and lessens its liquidity. The proper heat for the moulds is 
somewhat short of burning the fat with which they are greased on the interior 
surface. For the ordinary kind of work these ingots are generally cut in two 
in the middle, being more convenient for plating than longer pieces. The next 
process is to dress the face of the ingot for the purpose of receiving the silver on 
one or both sides, as it may be intended to be single or double plated. This is 
effected by filing, which is continued till the surface becomes entirely free from 
the least blemish : this is so important that the naked eye should not be 
depended upon; the surface of the copper shoxild, therefore, be minutely 
examined by a magnifier before the silver is laid on. The thickness of the 
silver to be Imd on the copper will be best known when it is understood that 
the silver, in single plated metal, or that plated on one ^de only, is from eight 
to ten pennyweights to the pound troy of copper ; and, of course, double quan- 
tity \^hen plated on both sides. When the plate of silver is cut to a little less 
than the size of the copper surface, made flat and scraped perfectly clean, the 

VOL. II. a R • 



314 


PLATING. 


copper surface being equally clean, they are laid together, and the silver plate 
is tied down with wire. A little of a saturated solution of borax is now 
insinuated under the edge of the silver plate on each side ; this fuses at a low 
red heat, and prevents the oxygen of the atmosphere from affecting the surface 
of the copper, which woidd prevent the adherence of the silver. In this state 
the ingot is brought to the plating furnace; this furnace has a grate on a level 
with the bottom of the door. The fuel consists of cokes. The ingot is laid 
upon the bare cokes, and the door shut. When it has acquired nearly a proper 
degree of heat, the plater applies to the hole in the door to observe the proper 
point when the process is finished. When the silver and copper are uniting, 
the surface of the former begins to be rivetted, and tbis is the sign to remove 
the ingot from the fire as quick as possible. The ingot being now plated, is 
made perfectly clean, and is ready to be rolled. The first rollers employed for 
plated metal are of cast iron, similar in size and construction to those employed 
for sheet iron and sheet copper. The metal is rolled cold, and annealed from 
time to time. When it has gone through the rollers a certain number of times, 
it acquires a certain degree of hardness, so that the rollers have not much 
effect upon it ; and if the rolling were continued, the metal would crack. To 
remedy this evil the metal is taken to a reverberatory furnace : it is laid upon 
a hearth of brick or fire-stone, and the flame of coal is made to pass over it ; 
the heat, however, is not intense, since the metal is required to be slowly heated 
to a dull red. It may now be cooled in the quickest way possible, to save time, 
as quenching in water does not harden it, as is the case with steel. It now 
passes through the rollers as before, till it becomes hard, and then annealed and 
rolled again, till it is reduced something short of the size required. This being 
done, it is again annealed and passed through a pair of rollers faced with cast 
steel, and finely polished : this gives the surface great smoothness and truth. 
It is now annealed for the last time : after this the sheets are immersed in hot 
dilute sulphuric acid, then scoured with fine Calais sand, which fits them for 
the workmen to shape into different articles. 

The first mode we shall describe is that of the braziers, or those who work 
with hammers. The nature of sheet metal is so similar to copper, that the 
working of it with the hammer, into various forms, will be very similar to that 
used by coppersmiths, with the difference of more exact and complete tools, and 
greater care on account of the value of the metal. Formerly all the different 
shaped vessels were made with the hammer, which made the price of labour 
very great. Now, all vessels of simple form, and not of large size, are formed 
in dies by means of the stamping hammer. This operation is now so general, 
that some manufacturers employ as many as six or eight of these engines. The 
dies are, or ought to be, made of cast steel ; but it should be as hard as to weld 
to iron, so that the iron should not be much below the surface of the die. When 
the die is placed upon the anvil, and the metal cut into pieces of proper size, 
the next thing is to surround the top of the die with a paste made with oil and 
clay, an inch or two above the surface. This cavity is now filled with melted 
lead. The under side of the stamping hammer has a flat face of iron fitted into 
it, about the breadth and length of the die ; this is called the licker-up. When 
the lead becomes solid, the hammer is raised to a certain height and let fall 
upon it. The under side of the licker-up, from being cut on the surface into 
teeth in shape like those of a rasp, firmly adheres to the lead, which afterwards 
rises with the hammer ; the metal is now placed over the die, and the hammer, 
with its lead, made to fall upon it till the impression on the metal is complete. 
If the vessel to be stamped be of any considerable depth, two or three dies are 
often used, one larger than another, the last being of the proper size and shape. 
It sometimes happens that when the vessel has a long conical neck, they are 
obliged to have recourse to an auxiliary operation called drafting. Cylindrical 
and conical vessels are mostly formed by bending and soldering. The bending 
is performed on blocksS)f wood with wooden hammers, to avoid injuring the plated 
surface. 

Vessels intended to have other forms are generally soldered up in a conical 
or cylindrical form, according as the width at the top and bottom of the vessel 
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varies. The metal is so malleable, even in the soldered part, that a skilful 
workman can give almost any form to a vessel with the hammer. Mouldings 
are sometimes formed upon the edges of vessels, which serve to give much 
strength and stiflhess, as well as being ornamental. In forming substances 
which have a massive appearance, such as the feet of tea-urns, the handles nf 
vessels, and plated table-spoons, no other metal is employed but the sheet. 
The mass is formed of two shells, which, when put together, form an 
apparent solid. Each of the concave parts is first filled with soft solder, 
they are then fitted accurately together, and heat applied till the mass fuses, 
so that the apparently massive article consists of a shell of plated metal 
filled with soft solder. Bulky ornaments in the form of shells and flowers are 
frequently put on in this way ; some in silver : these have a similar massive 
appearance to, and strongly imitate, real plate. All goods formed by hand with 
the hammer require great labour in finishing ; for, after hammering the vessel 
into the proper shape, the marks of the hammer appear like so many flat places ; 
flht these are removed from the outside of the vessel to the inside, when the 
inside is concealed, as in tea-urns : this is effected by covering either the anvil 
or the hammer with a piece of the stuff called everlasting. The roughness is 
transferred to that surface in contact with the everlasting. In hammering 
plated metal from time to time, it requires to be annealed by heating it red-hot ; 
this discolours both the silver and the copper. These are cleaned by boiling in 
dilute sulphuric acid, and scouring with Calais sand. The sulphuric acid to the 
water is in very small proportion. If the silver begins to appear black by 
boiling, the acid is too much, and must be watered. When the vessels are' 
finished in everj' respect by the maker, and the surface free from oxide, it fre- 
quently happens that bits of rosin used with soft solder adhere to it ; this is 
removed by boiling in a weak solution of pearl ashes : the same is also used 
for cleaning the surface of tinned copper. 

The second mode of operation we shall describe is the candlestick-making. In 
this branch of the business there is great variety. In the commencement ot 
this trade, the object was chiefly to imitate those made of silver, and it began 
with the prevailing taste of imitating the different orders of architecture. The 
numerous points and prominences thus introduced were ill fitted for plated 
metal, as in a very little time their silver disappeared, which gave them the 
most shabby appearance possible. This obliged the manufacturers to make 
them more plain and simple, and it was not till the discovery of the silver edges 
that candlesticks of plated metal began to gain respect in the world of luxury 
and fashion. The stems of candlesticks have been made square ; some with 
sharp, others with rounded corners; others oval, but the greatest number with 
round stems, which appear to be the most consistent and the most permanent. 
Of these, the patent telescope candlestick has had the greatest run : this con- 
sists in the cylindrical part lengthening and shortening at pleasure, by one tube 
sliding into the other. The feet of candlesticks, or the base, are generally made 
in a die by the stamp. The neck, which is sometimes small in one part, is also 
stamped. The dish part of the nozzle or socket is made in a die, and the tube 
part in the same way as the cylindrical pillar. These, for the sake of neatness 
and expedition, are generally drawn by the wire-drawing machine, whether for 
sliding or not. The prominent moulding and beads are generally of silver. 
The different parts are soldered together, some parts with hard, and others with 
soft solder. The branches of can&sticks are formed in two halves, like the 
tea-urn feet, &c. 

Lastly, in forming such articles as are made of wire, such as bread-baskets, 
toast-racks, and castors, the wire is bent into the given form with a wooden 
block and a mallet. When pieces require to be soldered together, the joinings 
must be accurately fitted, in order to prevent the copper from appearing. In 
these cases hard solder is employed. This branch of plated manuSicture 
admits of extensive application, wires being capable (of a great variety of 
positions. 

W'hen the different plated goods come out of the hands of the workmen, the 
metal, although clean, is of a dull white colour, possessing no polish whatever. 
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This last finish is called burnishing, and is generally performed hy females, in a 
distinct set of apartments. The burnishing tools are generally made of blood- 
stone, and some of hardened steel finely polished ; the latter are to burnish the 
minute parts which cannot be touched by the blood-stone, which are employed 
chiefiy for the greater and uninterrupted parts. The bits of blood-stone are let 
into little cases, made of sheet iron, and then finely polished. The bnmishers, 
if used dry, would adhere to the silver in some places, and would scratch instead 
of giving the fine polish : this is obviated by frequently dipping the burnish- 
ing tool into a solution of white soap. Aftw being bumbhed they are raised, 
and lastly wiped with clean sheep’s leather. 

PLOUGH. An instrument employed in agriculture for breaking and turning 
up the soil in furrows expeditioudy. The invention is of very remote antiquity. 
The most ancient of ploughs on record are still used in their simple primitive 
form in many parts of the East Indies. In the following figures are exhibited 
a correct delineation of one of these miserable machines, of which many 



thousands are at this time engaged in tilling the land that supplies us with rice 
and other products of agriculture. Fig. 2 is the plough, made of wood, the 
parts being bound together by ropes ; Fig. 3 is the yoke, designed for a pair of 
bufialoes. The husbandman holds the plough by one hand, while, in the other, 
he bolds the goad. Fig. 1, with which, and his voice, he directs and stimulates 
the animals. The British manufacturer who may attempt to supply the Asiatic 
husbandman with better instruments, should, in our opinion, to a certain extent, 
copy the form represented, however he may improve upon it in the stability of 
his metallic substitute, and in the addition of convenient appendages, faring 
in mind the well-known fact, that a workman who is used to a very inferior tool 
will, from habit, acquire a skill in using it which he could not exercbe very 
readily with an intrinsically superior tool, differing materially from his previous 
one. 

There are no instruments in which there are a greater variety of forms than 
ploughs. Every country in England, and almost every district, have their 
fevourites, which, in the opinion of the operators, surpass all others in utility. 
The probability is, that the difference is not very great in the quantity or the 
quality of the work executed by them; and that such difference will, in 
general, be in proportion to the proximity or remoteness of the district, town, 
or city, where the construction of ploughs is conducted on the large scale, and 
upon scientific principles. As our limits will not permit us to give even a tithe 
of the varieties that are figured in the books, we shall confine the subject to the 
description of two mddem improved ploughs (manufactured under a patent 

f ranted to George Clymer, of London), one designed for light and the other for 
eavy land ; referring our readers who desire extended information on this 
important matter, to the Plougkwrig/U's Asslitanl, by Gray, 1808 ; to the Briiish 
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Farmer and Ploughman's Guide, by Finlayson, 1829; and to the article Agri- 
culture, in the Oxford EncyclopeEdia and Supplement. 

A plough for light land is represented in the following cut, which is a per- 
spective view, a is the breast ; h the beam ; c the coulter ; d the coulter-pomt ; 
e the share ; f so much of the land side of the plough as can be seen. The 
beam rests upon cross pieces at the head of the plough, and is there secured 
loosely by a transverse screw-bolt g. The hind part of the beam is secured by 
a movable pin passing through it, and through one of the several holes in the 
land side ; this pin being shifted from one hole to the other, and the beam h 
turning upon the bolt ^ as a fulcrum, it is raised or depressed, so as to adjust its 



angle of inclination with the horizon at pleasure, causing thereby the plough to 
cut a deeper or a shallower furrow. The adjustment in a lateral direction is 
effected by placing several rings upon the bolt, by the shifting of which the 
direction of the beam, with respect to the land side, is altered, so as to make a 
broader or narrower furrow ; and, by the same means, the plough is adapted to 
a single or double team of horses. 

The plough for heavy land is very similar in its construction to the one just 
described, except the breast a, which is materially different, as shown in the 
following cut. h is the beam ; c the coulter, nhich is of the old kind, that 



being found the most efficacious in wet soils; it is fixed to an elongated part on 
the land side ; d is the share. These ploughs are extremely light, and are put 
together, or taken to pieces, in a few minutes, being fastened together by a few 
screw-bolts ; they are, therefore, extremely well adapted for exportation, and 
for use in hot climates. We have been informed by a practical agriculturist, 
who has several of these ploughs in use, that they turn the land well, and leave 
a particularly clean and even bottom. 

PLUMB-LINE. An instrument used by builders, consisting of a leaden 
weight, or bob, suspended to the end of a line, used to determine the perpendi- 
cularity of their structures to the horizon. 

PLUMB-RL’LE. A simple instrument, for the same purpose as the fore- 
going ; but in this the boh is suspended to the end of a straight board with a 
line marked down the centre; so that when the jdge of the hoard is placed 
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against the wall or other object, the plumb-line should exactly coincide with 
the line marked on the board, to he vertical ; and the amount of deviation from 
the vertical line is precisely ascertained by the angle of divergence between 
the two lines. 

PLUMBAGO. Graphite, or black lead, is an ore obtained from the mines of 
Keswick and BorradaUe, in Cumberland, from Ayr in Scotland and other places. 
It occurs in beds of various thickness, and constitutes an important article in 
commerce. The finer kinds are boiled in oil, and afterwards sawn into the 
required pieces to make pencils. A considerable quantity is used for blacking 
and polishing the fronts of stoves and numerous other purposes. It has been very 
common to apply it, in its impure state, to reduce friction in machinery and rub- 
bing surfaces ; and, very recently, Mr. Lewis Hebert, of Chelsea, has applied it, 
in a very refined state, as a substitute for oil, in diminishing the friction of the 
rubbing parts of clocks. He applied it to a sidereal time-piece, in January, 
1816, between which period and 1827 the time-piece was cleaned three times 
without renovating the plumbago; the friction places being only wiped with a fine 
muslin rag. In a communication to the Society of Arts, in 1827, eleven years 
after the plumbago had been applied only once, he states, that the time-piece was 
going as well as ever. He found a great difiSculty in applj-ing it to the jewelled 
pallets of the escapement, but obviated it by applying it to the friction plane of 
the teeth of the swing wheel ; and he adds, “ so ever since the clock has gone 
without oil.” 

The process of applying the plumbago is thus : — Take about a quarter of a 
pound of the purest black lead, the brighter the better ; reduce it to a very fine 
powder in a metal mortar, and, to judge if it is fine enough, take a small pinch 
of it between your fingers; after rubbing it a few seconds, if it does not feel 
lumpy or gritty, but smooth and oUy, it is good, and beaten enough ; have a 
glassful of filtered water, take some of the powdered plumbago with the clean 
blade of a knife, spread it on the water, and stir it well ; cover the glass, and let 
it stand for two or three hours ; at the top of the water will be a kind of cream, 
skim it off with a card, and lay it upon a sheet of paper ; when dry, put it in a 
box, to exclude the dust from it ; put the sediment aside, repeat the process with 
some other water and plutnbago, until you have acquired a sufficient quantity 
of fine powder for your purpose; when the whole of the powder is dry, pound it 
again in the mortar, or bruise it with the bowl of a silver spoon, upon a clean 
sheet of paper, and repeat the same process two or three times ; if the lead is 
pure, no more sediment will go down ; if some does, wash and dry it once or 
twice more ; as soon as no sediment remains, you may he sure that the plum- 
bago dust is piue, and cannot cause any mischief to the pivots and holes ; pour 
some alcohol (the strongest spirits of wine,) into a small glass; having wiped 
the pivots of the wheels and the holes of the plates very clean, immerse them 
into the spirits, and immediately into the plumbago powder, they will be covered 
with it ; take a small pencil brush, such as is generally used by miniature pain- 
ters, dip it into the spirits, and fill the pivot holes with it ; introduce some 
powder into them with your finger, by rubbing the plates over the holes till 
the powder is even with their surfaces ; put in the wheel and make it revolve 
in the frame for five or six minutes ; do the same to every wheel, and also 
repeat it two or three times ; then the holes and pivots will be charged with a 
thin crust of plumbago, smoother than any polish you can give them ; the piece 
will go twice as long without cleaning as with oil, and truly; if its movement 
is entirely secluded from dust, there will be no necessity of cleaning it for twelve 
years, which will be about the time for renovating the plumbago. 

PLUMBERY. The art of casting and working lead. See the article Lead 
in this work ; also Nicholson’s Practical Builder. 

plunger, a long solid cylinder, sometimes used in force pumps instead 
of the ordinary pistons or buckets. 

PLUSH. A kindlif stuff having a sort of velvet nap or shag on one side, 
composed regularly of a woof of a single woollen thread and a double warp; 
the one wool, of two threads twisted, the other goats’ or camels’ hair. ’ Some 
plushes in imitation of the foregoing are made of other materials. 
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PLUVIOMETER. An instrument for measuring the quantity of rain that 
falls in a given time. See Rain-gauge. 

PNEUMATICS treat of the mechanical properties of air, gases, and vapours. 
All air, ^ases, and vapours not in contact with the liquids from which they rise, 
partake of the same general properties; that is, they all possess weight and iner- 
tia, impenetrability, compressibility, and elasticity. The impenetrability of air 
may be made manifest by the impossibility of bringing together the opposite sides 
of a blown bladder. It may be also shown, by taking a cylinder with a smooth 
bore, and fitting a piston or plug into it so closely that the air may not pass be- 
tween its sides and the tube ; it will then be found that no power we can command 
will force the plug to the bottom of the cylinder. In making this experiment, 
however, we observe two of the most important properties of air, viz. its com- 
pressibility and elasticity ; for although the plug cannot be forced to the bottom 
of the cylinder, yet it may be considerably depressed, so that the air is reduced 
to a much smaller volume, and, consequently, is compressible. On the with- 
drawal of the pressure another remarkable phenomenon presents itself, that is, 
the plug is forced upwards to its original position. The especial properties of 
air are as follows : — 

It possesses weight and inertia; 

It exerts an equal pressure in every direction ; 

It is compressible and elastic. 

We shall speak of each of these properties in succession; but first it may be 
necessary to describe the air pump, an instrument which is in the highest 
degree useful in pneumatic ex- 
periments. In the annexed 
sectional representation, A and 
B are the barrels of the pump, 
which must be perfectly cylin- 
drical and smooth within. C is 
a glass receiver placed upon the 
pump plate E; and D is a pipe 
communicating with the receiver 
and the two barrels : b and d 
are valves at the bottom of the 
barrels, opening upwards ; a 
and c are valves in the pistons, 
which must fit into the barrels 
with the greatest accuracy ; e 
and / are racks attached to the 
pistons, and which are moved 
upwards and downwards by 
means of the toothed wheel g, which is turned by a winch fixed on its axis. 
By comparing this instrument with a common water pump, its principle will be 
found identical ; but as air is a much lighter and more elastic fluid, it will 
require the workmanship in the air pump to be of the most accurate descrip- 
tion. In working this pump it will be seen that as the piston in B is raised, the 
air which previously filled only the receiver and the pipe D will be expanded 
by its elasticity so as to fill the barrel also ; bj' the next motion of the handle 
the piston is depressed, and the air within the barrel becoming compressed will 
close the valve h, and open that at a, through which it will escape into the 
atmosphere. When the piston is again raised, the air left in the receiver will 
be again expanded so as to fill the barrel, and on being depressed, the air will 
escape as before. We have only in this process noticed one barrel, but the 
action of both is similar; while one is filling by the expansion of the air in the 
receiver, the other is emptied into the surrounding atmosphere. By this alter- 
nate action of the pistons, the air within becomes considerably rarefied, but as 
the portion withdrawn is always a definite part of what was previously in the 
receiver, it is manifest that a perfect vacuum cannot be obtained. We have 
stated that air has weight : this may easily be shown by means of the air pump. 
If we take a glass or other vessel holding exactly g quart, and furnished with a 
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stop-cock that will fit into the hole in the middle of the pump plate, we maj 
exhaust or withdraw nearly the whole of the air from the vessel. Now, if we 
weigh the empty vessel, and afterwards, by turning the stop-cock, let in the air, 
the difference of weight in the bottle will show the weight of the quantity of 
air admitted : this will be about seventeen grains, varying at different times, 
both on account of changes of density which take place in the atmosphere, and 
the varying quantity of aqueous vapour that it may contain. The inertia of 
air may be seen in the resistance it offers to the motions of bodies immersed in 
it Two sets of small brass vanes are sometimes put into motion by the same 
force under the receiver of an air pump. While the vanes in both are turned 
one way, they revolve for the same length of time whether in the air or in a 
vacuum ; but if in one of them the broad surfaces of the vanes are turned in 
the direction of the motion, and in the other the narrow edges, a marked 
difference is observed. In an exhausted receiver they continue in motion 
during equal times, but in the air, that which cuts the atmosphere with its 
edges continues moving for some time after the other is at rest. 

Another experiment illustrative of the same fact is termed the guinea and 
feather experiment. A long receiver is placed upon the pump plate, and a 
guinea and a feather are attached at the top to a little piece of apparatus by which 
they may be disengaged at the same instant. While the receiver is full of air, 
the guinea reaches the pump plate before the feather, but when the air is taken 
from the receiver, the guinea and feather fall with exactly the same velocity. 

Since air is fluid, it will manifest the common properties of fluids; as, for 
example, pressure. If a small vessel, similar to the one here 
represented, be placed over the hole in the pump plate, and 
the hand placed closely over the top, when the pump is 
worked, the hand will be held firmly on the glass by means 
of the downward pressure. In the same way, the glass 
receivers are held firmly on the pump plate. If a bladder be 
made wet, and tightly stretched over the top of the glass, 
then dried and placed over the hole of the air pump, as soon 
as the pump is worked, the bladder will appear concave at 
the top, and will eventually be burst by the great pressure of 
the superincumbent air. Another apparatus, admirably 
adapted to evince the great pressure of the air in all direc- 
tions, is what are termed the Magdeburg hemispheres. It 
consists of two hemispheres of brass, having their edges 
accurately ground, so that they may fit together, as in the 
annexed representation. The part a of the lower hemisphere 
is screwed into the hole of the pump plate, and the air may 
then be exhausted. If then the handle b be screwed on, two 
persons may endeavour to separate them by pulling in oppo- 
site directions, or they may be suspended, and a weight 
attached to the lower one. It has been ascertained that the 
actual amount of the air's pressure is about 15 pounds on 
every square inch of surface ; hence may be calculated the 
force with which the hemispheres are held together, or the 
absolute pressure upon any surface whatever. Let us suppose 
that the diameter of the hemispheres is 4 inches, then the 
area of each of the circles in contact with each other will be 12J inches, and 
multiplying this by 15 lbs. we obtain 187 Jibs, as the pressure by which the 
hemispheres are held together. In the same way we may ascertain the amount 
of pressure upon the human body. Suppose the outer surface of a middle-sized 
man to be about 14 square feet, then multiplying this by 2160 lbs. the pres- 
sure on a ^uare fooh we obtain 30,240 lbs. as the pressure upon the body 
of an individual of moderate size. If the barometer should fall an inch, which 
it frequently does before rain, w'e are released from a pressure of upwards of 
1000 lbs. : this, by diminishing the tension of the different parts of the body, is 
sufficient to account for that languor which is commonly complained of in bad 
weather. This apparatus was originallv designed by' Otto Guericke, of Magde- 
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l)urg, and was constructed on so large a scale that several horses were required 
to separate the hemispheres. 

The ordinary or natural state of the air (as we are in the habit of calling it,) 
is a compressed state ; if we attempt to alter it either by further compression, or 
by taking off the pressure, the elasticity' or repulsion of the parts is imme- 
diately manifest. The law of compression within certain limits is exceed- 
ingly simple, and may be easily verified. Let a long glass 
tube be closed at one end, as in the accompanying represen- 
tation. The longer leg may be 30 or 40 inches in length, 
the shorter 4. Suppose the tube placed in an upright position, 
and a little mercury poured into it up to the level a b, then a 
cylinder of air b i will be enclosed and prevented from escaping. 

If now more mercury be poured into the longer leg till it 
rise to el in the shorter, the height of mercury in the longer 
leg above the level edwill be found to be about 10 inches, 
which is i of the usual atmospheric pressure. The whole 
pressure upon the column d i being made up of the pressure 
of the external air, together with that of the 10 inches of 
mercury, will be | of the atmospheric pressure, and the space 
now occupied by the air is f of the original space. If more 
mercury be added, so that the column may’ be 30 inches 
high, the whole pressure will be double the atmospheric pres- 
sure, and the space into which the air will be compressed is 
one-half. If we examine the result of a number of trials 
made in this way, we shall find them as follows : — 




Compressing force . 
Spaces occupied. . 


! 


If we examine these two rows of fractions, we shall find that the lower are 
the reciprocals of the upper ; whence we see that the spaces occupied by the 
compressed air are inversely as the compressing forces. But as the density is 
inversely as the spaces occupied, it is evident that the compressing force is pro- 
portional to the density ; and further, since the elasticity of the included air is 
proportional to the compressing force, it is also manifest that the elasticity is as 
the density, that is, if the density be doubled or tripled, the elasticity will be 
doubled or tripled, &c. 

The elasticity of air by the removal of the pressure gives 
rise to a variety of entertaining experiments. If a bladder 
containing a small portion of air be placed under the receiver 
of an air pump, while the air is exhausting the bladder will 
be observed to expand till it appears fully blown ; on the re- 
entry of the air the pressure will immediately reduce the 
included air to its primitive dimensions, and the sides of the 
bladder will collapse. At the larger end of an egg there is 
a bubble of air between the shell and the inner skin : if a 
hole be made at the smaller end, and the egg be placed with 
the hole downwards in a wine-glass, under the receiver of 
an air pump, as soon as the air is begun to be withdrawn, 
the air within the egg will expand and force out the contents 
,nto the glass. When the air re-enters, by careful manage- 
ment, the whole may be forced into the shell, so as to have its 
original appearance. Upon this principle fountains may be 
contrived. If a glass or other vessel similar to the one here 
represented, having a tube reaching nearly to the bottom, be 
half filled with water, and then placed under a tall receiver 
on the pump plate, the action of the pump commences, the 
air in the part a not being able to escape, expands itself as 
the external pressure is removed, and forces the water before 
it up the pipe, so as to form a continuous stream till the level 
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of the water reaches the lower end of the tube. If the air 
in the part a could be compressed so that its elasticity might 
exceed that of ordinary atmospheric air, the fountain would 
act without being placed under a receiver. For this purpose 
a condensing or compressing syringe would be necessary to 
force air into the upper part of the vessel. The compressing 
syringe differs but little from one of the barrels of the air pump. 

It has, however, no valve in the piston, but one at the end h, 
opening outwards, and which may be easily formed by tying 
over the hole a small piece of oiled silk. When this appa- 
ratus is to be used, the end h is screwed info the mouth of 
the vessel into which air is to be forced ; and the piston 
being then raised above the hole a in the side, the syringe 
becomes filled with air : the piston is then depressed, and the 
air is, by its descent, forced into the vessel, and from which 
it cannot return on account of the valve at b opening only 
downwards. The piston is again raised till above the hole, 
and another barrel fuU of air is injected into the receiver. 

This process may be continued till the air is considei-ed of 
sufficient density, which may be easily ascertained by knowing the proportionate 
capacity of the S3rringe and the receiver. If the receiver contain twelve times 
as much as the syringe, twelve changes of the syringe will be necessary to double 
the density of the air. It is, perhaps, scarcely necessary to remark that the 
receiver must be strong and furnished with a stop-cock or valve, so that when 
the syringe is separated from it the air may not escape. For fiu-ther informa- 
tion on this science, see Atmosphere, Air, Barometer, &c. 

PONDERABILITY is a quality of bodies that relates to sensible weight. A 
ponderable body is one that possesses sensible weight. A great difference exists 
m the relative weights of different substances. Thus platinum is 23 times heavier 
than water ; water 840 times heavier than air ; and air 14 times heavier than 
hydrogen gas. Platinum is, therefore, 170,480 times heavier than hydrogen gas. 
It will readily be imderstood that if any substance exists that is as muc\lighter 
than hydrogen as hydrogen is lighter than platiniun, the weight of such a body 
would be absolutely inappreciable by any of our present instruments; such 
bodies would, therefore, be called imponderable. In the ordinary division of 
simple substances at present in use by chemists, the whole are classed into ponr 
derabies and imponderables : the imponderable substances are, heat, light, and 
electricity. Some persons have supposed that the idea of imponderable matter 
is absurd, and that gravity is a universal property of bodies. However this may 
be, if we consider ponderability as indicating our ability to weigh the body, it 
will be manifest that heat, light, and electricity may, with considerable justness, 
be termed imponderable. 

porcelain, a fine kind of semi-transparent earthenware, in imitation 
of that made in China, and hence called China-ware. The combination of 
silex and argil is the basis of porcelain ; and, with the addition of various pro- 
portions of other earths, and even of some metallic oxides, forms the different 
varieties of pottery, from the finest porcelain to the coarsest earthenware. 
Though silicious earth is the ingredient which is present in largest proportion 
in these compounds, yet it is the argillaceous which more particularly gives 
them their character, as it communicates ductility to the mixture when soft, 
' and renders it capable of being turned into any shape on the lathe, and of 
being baked. The clays are native mixtures of these earths; but they are often 
rendered unfit for the manufacture of at least the finer kinds of porcelain, from 
other ingredients which they also contain. The perfection of porcelain will 
depend greatly on the purity of the earths of which it is composed; and 
hence the purest natur^ clays, or those consisting of silex and argil, alone 
are selected. Two substances have been transmitted to Europe as the 
materials from which the Chinese porcelain is formed, which have been 
named Kaolin and Petunse. It was found difficult to procure in Europe 
natural cla)s ecjually pure, and hence, in part, the difficulty of imitating 
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the porcelain of the East. Such cla3’s, however, have now been discovered in 
different countries; and hence the superiority to which the European porcelain 
has attained. The fine Dresden porcelain, that of Berlin, the French porcelain, 
and the finer kinds which are formed in this country, are manufactured of such 
clay, which, from the use to which it is applied, has received the name of porce- 
lain earth, and which appears in general to be derived from the decomposition 
of felspar of granite. It appears, also, that natural earths containing magnesia 
are used with advantage in the manufacture. The proportion of the earths to 
each other must, likewise, be of importance ; and from differences in this 
respect, arise, in part, the differences in the porcelain of different countries, as 
well as the necessity frequently of employing mixtures of natural clays. The 
argil communicates tenacity and ductilitj' to the paste, so that it may be easily 
wrought ; the silex gives hardness and infusibUitj- ; and on the proper propor- 
tion of these depends, in a great measure, the perfection of tlic compound. 
The proportion of silex in porcelain, of a good quality, is at least two-thirds of 
the composition ; and of argil, from a fifth to a third. Magnesia is of use by 
lessening the tendencj’ which the composition of silex and argil alone has to 
contract in baking, which is inconvenient in the manufacture. See Pottery. 

POROSITY is a term in physics, opposed to density, and signifies the rela- 
tive prmortion of matter and space included within the exterior superficies of a 
body. The volume of a body is the quantity of space included within its external 
surfaces. The mass of a body is the collection of atoms or material particles of which 
it consists. Two atoms or particles are said to be in contact when their nearer 
approach is resisted by their mutual impenetrability. If the component particles 
were in contact, the volume and mass would be identical ; but there is good 
evidence to prove that the particles of no known substance are in contact. 
Hence it follows that the volume of a body consists partly of material particles, 
and partly of interstitial spaces, which are either empty or filled with some 
other difierent substance : these interstitial spaces are called pores. In bodies 
uniformly constituted, the component particles and pores are uniformly distri- 
buted through the volume ; that is, a given space in one part of the volume 
will contain the same quantity of matter, and the same quantity of pores as an 
equal space in another part. The proportion of the quantity of matter to the 
magnitude of a body is C2dled its density : if, of two substances, one contains 
in a given space twice as much matter as the other, it is said to be “ twice as 
dense.” The density of bodies is, therefore, propoitionate to the closeness or 
proximity of their particles ; and, consequently, the greater the density the less 
will be their porosity. The pores of a body are frequently filled with another 
body of a more subtile nature. If the pores of a body on the surface of the 
earth, and exposed to the atmosphere, be greater than the atoms of air, then the 
air will pervade the pores : this is found to be the case in many sorts of wood 
which have open grain. If a piece of such wood, or of chalk, or sugar, be 
pressed to the bottom of a vessel of water, the air which fills the pores will be 
observed to escape in bubbles, and to rise to the surface. If a tall vessel or 
tube, having a wooden bottom, be filled with quicksilver, the liquid metal will 
be forced by its own weight through the pores of the wood, and will be seen 
escaping in a silver shower from the bottom. 

The process of filtration, in the arts, depends on the presence of pores of 
such a magnitude as to allow a passage to the liquid, but to refuse it to those 
impurities from which it is to be disengaged. Various substances are used as 
filters ; but whatever be used, this circumstance should always be remembered, 
that no substance can be separated from a liquid by filtration, except that whose 
particles are larger than the pores of the filtering substance. In general, filters 
are used to separate solid impurities from a liquid. The most ordinary filters 
are soft stone, paper, and charcoal. When the liquid is of a corrosive nature, 
as some of the stronger acids, pounded glass is frequently.employed. 

All organized substances in the animal and vegetable kingdoms are, from 
their very nature, porous in a high degree. Minerals have various degrees of 
porosity. Among the silicious stones is one called hydrophane, which manifests 
its porosity in a very remarkable manner. The stone in its ordinary state is 
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semitransparent ; if, however, it be plunged into water, when it is withdrawn it 
is transparent as glass : the pores, in this case, previously filled with air, are 
pervaded by the water, between which and the stone there subsists a physical 
relation, by which the one renders the other transparent. Oil or water placed 
on paper has a somewhat similar effect. A good method of observing the 
extreme porosity of woods, is to place a piece at the bottom of a vessel ot 
water placed under the receiver of an air pump ; during the exhausting of the 
receiver the air will be seen to issue from a thousand pores on the surface of 
the wood, and this emission will continue for hours. As the water enters the 
spaces previously occupied by the air, the body becomes heavier; and even 
charcoal treated in this way becomes heavier than water. Large masses of 
minerals, by their porosity, produce most important results : thus the rains which 
fall, and the snows that melt on the mountains, pass through the pores of the 
various substances they meet with, and issue forth to refresh the plains in spring 
which are the origin of the various magnificent rivers that at once fertilize and 
adorn our globe. 

POTASH, or Potassa, is the protoxide of potassium. It is called the vegetable 
alkali, because it is obtained in an impure state by the incineration of vegetables. 
Potash is always formed when potassium is put into water, or when it is exposed 
at common temperatures to dry air or oxygen gas. By the former method the 
protoxide is obtained in combination with water ; and in the latter it is anhy- 
drous. It consists of 39.15 parts, or 1 equivalent of potassium, and 8 parts, or 
1 equivalent of oxygen. Hydrate of potash is solid at common temperatures ; 
it fuses at a heat rather below redness, and assumes a somewhat crystalline tex- 
ture in cooling. It is highly deliquescent, and requires about half its weight of 
water for solution. It is also soluble in alcohol. It destroys all animal textures, 
and, on this account, is employed in surgery as a caustic. It changes the blue 
colour of violets and cabbage to green; reddened litmus to purple; and yellow 
turmeric to a reddish brown. It has been called lapis causticus, but is now 
termed potassa and fused potassa. It is prepared by evaporating the aqueous 
solution of potash, in a silver or clean iron capsule,' to the consistence of oil, and 
then pouring it into moulds. It may be purified by solution in alcohol and 
evaporation to the same extent as before, in a silver vessel. The operation 
should be performed as expeditiously as possible, to prevent the absorption of 
carbonic acid. A perfectly pure solution of potash will remain transparent on 
the addition of hme water; will not effervesce with dilute sulphuric acid, nor 
give any precipitate on blowing air from the lungs through it by means of a tube. 

Pure potash, for experimental purposes, may most easily he obtained by 
igniting cream of tartar in a crucible, dissolving the residue in water, filtering, 
boiling with a quantity of quicklime, and, after subsidence, decanting the clear 
liquid and evaporating in a loosely covered silver capsule till it flows like oil, 
and then pouring it out on a clean iron plate. A solid white cake of pure 
hydrate of potash is thus obtained without the agency of alcohol; it must be 
immediately broken into fragments and kept in a well-stoppered phial. Potash 
is employed as a reagent in detecting the presence of bodies, and in separating 
them from each other. The solid hydrate, owing to its strong affinity for 
water, is used for depriving gases of hygrometric moisture, and is admirably 
fitted for forming fngorific mixtures. Potash may he distinguished from soda 
by a test recommended by M. Harkort. Oxide of nickel when fused by the 
blow-pipe flame with borax, gives a brown glass; and this glass, if melted with 
a mineral containing potash, becomes blue, — an effect which is not produced by 
the presence of soda. 

POTASSIUM. A metallic substance, the base of potash: it was discovered 
by Sir H. Davy, in 1807. It was prepared by causing hydrate of potash, 
slightly moistened for the purpose of increasing its conducting power, to com- 
municate with the^ opposite poles of a galvanic battery of 200 double 
plates ; when the oxygen, both of the water and the potash, passed over to the 
posiriye pole, while the hydrogen and the potassium appeared at the negative. 
In this way only small quantities can be procured ; but it may be formed more 
abundantly by the methpd of Guy Lussac and Thenard. This consists in 



. bringing fused hydrate of potash in contact with turnings of iron heated to 
whiteness in a gun-barrel. The iron deprives the water and potash of oxygen ; 
hydrogen gas, combined with a little potassium, is evolved, and pure potassium 
sublimes, and may be collected in a cool part of the apparatus. Potassium may 
also be prepared by mixing dry carbonate of potash with half its weight of 
powdered charcoal, and exposing the mixture in an iron bottle to a strong heat : 
these'methods have been improved by M. Brunner, who decomposes potash by 
means of iron and charcoal. From eight ounces of ftised carbonate of potash, 
six ounces of iron filings, and two ounces of charcoal, mixed intimately, and 
heated in an iron bottle, he obtained 140 grains of potassium. If required to 
be quite pure, it must be re-distilled in a green glass retort. Potassium is solid 
at the ordinary temperature of the atmosphere; at 70“ it is somewhat fluid, 
though its fluidity is imperfect till heated to 150“ ; at 50“ it is soft and 
malleable, and yields like wax to the pressure of the fingers, but it becomes 
brittle when cooled to 32“ ; it sublimes at a low red heat, without undergoing 
anv change, provided atmospheric air he completely excluded. Its texture is 
crystalline, as may be seen by breaking it when cold. In colour and lustre it 
is precisely similar to mercury. At 60“ its specific gravity is 0.865, so that 
it is considerably lighter than water. It is completely opaque, and is a good 
conductor of heat and electricity. As this metal oxidizes rapidly in the air, or 
in fluids containing oxygen, it must be preserved either in glass tubes, her- 
metically sealed, or under the surface of liquids, like naphtha, which contain 
no oxygen. If heated in the open air it takes fire, and bums with a purple 
flame ; it decomposes water instantly, and so much heat is disengaged that the 

E otassium is inflamed, and burns vividly while swimming on the surface ; the 
ydrogen unites with a little potassium at the moment of separation, and this 
compound takes fire, and augments the brilliancy of the combustion. Under 
water, a violent action ensues, without the emission of light, and pure hydrogen 
is evolved : it is also inflamed when placed upon ice, burning a little hole, which 
becomes filled with solution of potash. Besides uniting with oxygen, to form 
the protoxide and peroxide of potassium, it combines with chlorine, iodine, 
hydrogen, sulphur, and phosphorus. When potassium is placed in an atmo- 
sphere of chlorine, it spontaneously takes lire, and bums with greater brilliancy 
than in oxygen ; the result is the chloride of potassium, which is also produced 
when chlorate of potash is decomposed by heat. Iodide of potassium is formed 
with emission of light when potassium is heated in contact with iodine. 
Hydrogen and potassium unite in two proportions, forming, in one case, a solid, 
and in the other a gaseous compound. The solid hydruret was made by heating 
potassium in hydrogen gas : it is a grey solid substance, easily decomposed by 
heat, or contact with water. The gaseous compound is formed when hydrate 
of potash is decomposed by iron, at a white heat, and it appears also to be 
generated when potassium burns on the surface of water. Sulphur unites readily 
by means of heat, and the compound sulphuret of potassium becomes incan- 
descent at the moment of union. In like manner, phosphorus combines with 
potassium, forming phosphuret of potassium. 

POTATOES. A bulbous esculent root, and forming the basis of several 
manufactures. Under the article Bre.vd will he found the description of a 
machine and process for separating the pure farina or starch from the others 
with which it is naturally combined. Under the heads Alcohol and Distil- 
LAiios are also given the processes employed for the conversion of the potato 
into ardent spirit. 

POUNCE. Gum sandarach, pounded and sifted very fine, mixed or not with 
the fine powder of the cuttle-fish bone, and used for rubbing on paper, to prevent 
the writing thereon from sinking or blotting. 

POWER, in Mechanics, is the force which, being applied to any body, tends 
to produce motion, whether it actually produces it or not. In the former case 
it is called the moving power; in the latter, the sustaining power. (See Horse 
Power.) The term power is likewise, for the want of a b'etter word, applied to 
the six mechanical agents (as we prefer to call them), namely, lever, pulley. 
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inclined plane, wheel and axle, wedge and screw, — which see : also the article 
Mechanics. 

POTTERY. The art of making vessels from earth. In the earliest ages 
upon record pottery was manufactured. The chief establishments in England 
are in Staffordshire, in a district called The Potteries, at Worcester, Derby, 
Coal-port, and Liverpool. The potteries in Staffordshire employ many thousands 
of persons, and the value of their produce was estimated at 800,000/. per annum. 
The essential material of all pottery is clay, which of itself possesses the two 
requisite qualities of being in its natural state so plastic, that, with water, it 
becomes a soft, uniformly-extensible mass, capable of assuming and retaining 
any form, and, when thoroughly dried, and having undergone a red heat for a 
time, of losing this plasticity, and of becoming hard, close in texture, and able, 
more or less, perfectly to confine all liquids contained within its hollow. The 
most important circumstances requisite to be considered in selecting the mate- 
rials for pottery are plasticity, contractibility, solidity and compactness after 
drying, colour, and infusibility. Wedgewood was the great improver of this 
manufacture. The processes employed at most of the manufactories are very 
similar, which may be classed under the following heads : — Preparation of raw 
material, moulding and turning, firing, printing, glazing, and painting. We 
shall describe these consecutively, as they are conducted at Spode’s esta- 
blishment. 

In the preparation of the raw material, a powerful steam-engine performs 
many of the processes formerly carried on by manual labour. TTie bodies of 
earthenware are composed of Kent flint and West-of-England clay. The flint 
is first calcined in kilns, similar to those in which lime is burnt ; it is then 
broken by revolving hammers, put in motion by the steam-engine, and after- 
wards conveyed into the pans, paved with stone, to be ground with water. In 
the centre of the pans there is an upright shaft, from which several transverse 
arms branch out, having very heavy stones placed between them : these stones, 
moved horizontally by the steam-engines, grind the flints, until they form a 
cream-like liquid, which is let off into the wash-tub, where the coarser particles 
are separated from the fine ; the latter runs off into reservoirs, and the former 
is carried back to the grinding-pan. When the ground flint is wanted for use, 
it is conveyed from the reservoir by a pump, worked also by the steam-engine. 
The process of preparing the clay, and mixing it with the flint, is this : — The 
clay is drawn up into the upper chamber of the slip-house, and there thrown 
into an iron box, in which mores a shaft, with knives fixed in it, to cut the 
lumps into small pieces. The clay is now laid in a cistern with a proper quan- 
tity of water, where it softens, and is then put into the "plunging-tub ; in this 
tub the water and clay arc stirred until they become thoroughly mixed. The 
liquid is now drawn off into another cistern, from W'hich it passes through a 
silk sieve into a third cistern ; then into a fourth, through silk sieves still finer ; 
the ground flint and other ingredients are now brought and mixed together, 
and the whole passes through sieves of a greater degree of fineness into a 
fifth cistern : in this is a pump, that throws it into a trough for conveying it 
into the drying kiln. AU these various operations are worked by the steam- 
engine, and there are fourteen sieves in motion at one time. After the clay has 
been dried it is taken from the kiln and laid together in large heaps, and, before 
it is worked into the vessels for which it is destined, the air bubbles are disen- 
gaged from it : this is done by a machine turned by the steam-engine. The 
machine is an iron box, shaped like an inverted cone, with an upright shaft in 
its centre, to which are aflixed knives to cut the clay which is put into the box, 
by their rotatory motion, and, at the same time, so arranged as to force it down- 
wards to a square aperture at the bottom ; it escapes through this in a suffi- 
ciently compressed state for the workmen, and is then cut into square pieces of 
a convenient size, to be distributed in the manufactory. Near the steam-engine 
are workshops for those branches of the trade which require the aid of machinery ; 
and in this building there are eight throwing-wheels and twenty-five turning- 
lathes. Underneath these shops are drying-houses, heated by steam, in which 
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the ware is dried, previously to its going to the oven to be fired; above the work- 
shops is a single room, capable of holding 200 workmen. 

Moulding and Turning. — Tea-cups, saucers, basins, jugs, and such like 
vessels, receive their first shape from the hands of the thrower, who sits on a 
stool with a flat circular wooden wheel before him, moving horizontally on a 
pivot. This wheel is set in motion by the steam-engine, and the workman can 
increase or diminish its velocity as there is occasion. Upon the centre of the 
wheel the operator throws a lump of clay of the required size, and forms it 
into almost any shape, with the utmost facility^; it is then cut from the wheel 
by a wire, and taken to be dried, that it may acquire sufficient hardness to fit it 
for the next operation. By turning, the superfluous parts of the clay are taken 
off, so as to render the article perfectly smooth, and to give it the e.xact shape. 
The lathes on which the vessels are turned are also put in motion by the steam- 
engine, and regulated as to speed by the turner himself. The principle of 
turning earthenware is very similar to that employed in wood turning. The 
vessels requiring handles and spouts are taken to the handling room, and those 
which do not want this appendage, after having attained the requisite hardness, 
are sent to the oven to be baked. The handles, made on a mould of plaster of 
Paris, are fixed to the vessel with a liquid mixture of the same material as the 
vessel itself. 

For the formation of various articles manufactured in all potteries, moulds 
made of plaster of Paris are necessary. The modeller forms the shape of the 
intended vessel out of a solid lump of clay, which, after receiving his finishing 
touches, is banded to the person who makes the plaster mould from it. Plates 
and dishes are made from moulds of this kind, upon which the operator lays a 
piece of clay of the length, breadth, and thickness required ; the mould and 
clay are then placed upon a wheel turning horizontally on a pivot ; and the 
operator keeps peeling round with the left hand, and presses the clay to the 
shape of the mould with the other. The mould and dish together are then 
carried into a stove moderately heated, where it remains until suflSciently dried 
to separate. The plate or dish is then cut even at the edges, and in other 
respects finished : before they are baked the dishes are laid flat upon plaster or 
stone flags, that are quite level, in order that they may remain straight until 
they go to the oven to be fired. Tureens, vegetable dishes, and such articles, 
are also made in moulds, but require more time and care, being less simple in 
their form. Figures, flowers, and foliage in bas-relief are also formed sepa- 
rately in moulds, and afterwards affixed to the vessel with diluted clay. 

Firing . — When the ware is ready for firing, it is placed in clay cases, called 
saggars, which vary in size and shape according to the articles placed in them. 
The saggars are put into an oven, shaped like a bee-hive, with an opening at 
the top ; there is also an opening at the side to admit the saggars, but this is 
closed before the fire is applied. Each saggar is luted to the other by a roll of 
soft fire-clay ; this secures the vessels contained in them from dust, the fumes 
of the fires, and from the effects of the air when the oven is cooling. The 
fires which heat the oven are placed round it in proper receptacles, which 
communicate with the interior of the oven by flues, heating every part equally. 
This first firing gives a higher degree of heat, and is continued much longer 
than any successive firing ; when once fired, the article is called biscuit ware. 
The cream coloured, or queen’s ware is now carried to the dipping-house, to 
receive its glazing ; that which is to be printed blue is taken to the printing-house. 

Printing . — The design is previously engraven on a copper plate, and laid on 
a stone to warm. The colour (which has oxide of cobalt for its basis) is mixed 
with a preparation of oils, to fetch out the impression ; this mixture is smeared 
over the surface of the plate and again cleaned off, leaving the liquid in the 
engraving only. The paper used to take off the impression is made expressly 
for this purpose ; it is damped, laid on the copper plate, and passed between two 
iron rollers, as in ordinary copper-plate printing. The design, being transferred 
to the paper, is laid immediately upon the ware, being rubbed on with a flannel. 
After remaining a short time, the ware is put into a tub of water, and the paper 
is separated from it by a sponge, leaving the design in the most perfect state. 
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The ware is then dried, and taken to the oven to he burned ; dur ing this opera* 
tion, the oil which has been mixed with the colour in the printing is destroy ed, 
and the oxide of cobalt more firmly attached to the ware ; it is then glazed. 

Glazing. — The glaziers differ in their composition in all manufactories ; most, 
however, have oxide of lead for their basis. The ingredients being mixed with 
water, and well ground, the glaze is ready for use, in which the vessels are 
dipped. On drying, which takes place instantly, the water contained in the 
glaze being absorbed by the porosity of the vessel, it is covered with a fine white 
powder, of a regular thickness ; this, when fired, becomes vitreous, or assumes a 
glass-like appearance, and, from its transparency, the blue pattern underneath 
is rendered perfectly visible. In the last firing, especial care is taken to keep 
one piece from touching the other, or the whole would fiise into one united 
mass. Great attention is also requisite in the firing, not to give too much or too 
little heat, either extreme being injurious : tbe fireman in this, as in the other 
firing, draws out trial pieces from the oven, with an iron rod, to ascertain the 
proper degree of heat. 

Painting. — The pieces of porcelain or earthenware to be enamelled and 
enriched by gilding, are, after the first firing, dipped in a suitable glaze, and 
again submitted to the fire ; they are then delivered to the painter or ena- 
meller. The colours used in enamel-painting are composed of metallic calxes 
and fluxes, suitable to each other, separately and conjointly, and of such a nature 
as to fuse them sufficiently for tbe glazing on which they are laid. Gold has 
also its flux, and is laid on as other colours are. When the painting is com* 
pleted, the ware is placed in a furnace less in size, and different in construction, 
from that before noticed. Care is here necessary in the arrangement of the 
vessels, and great nicety is required in the degree and the continuation of the 
heat, which is not so intense as in the former firings. The colours after this 
firing put on a shining appearance, but the gold has an opaque yellow cast, and 
is burnished with a blood-stone to give it the desired btilllancy. 

The deleterious effects of glazes, composed principally of lead, having engaged 
the attention of the Society of Arts, they were induced to offer their largest 
honorary premium for the discovery of a glaze for the common red pottery, 
composed of materials not any ways prejudicial to the health, and which, from 
its cheapness and fusibility, at the comparatively low temperature required by 
red pottery, might supersede the use of lead in that branch of manufacture. 
The following method was communicated to the Society by Mr. Meigh, of Skel- 
ton, for which the Society awarded him the premium : — The vessels are to be first 
dipped in a mixture of red marl, ground in water to an impalpable paste, in 
order to fill up the pores with the fine particles of the marl ; the vessels are 
then glazed with a mixture of the consistence of cream, of equal parts of 
black manganese, glass, and Cornish stone, well ground and mixed together, 
and when the ware is well dried it is fired as usual. For a white glaze, the man- 
ganese is omitted. 

Owing to the vast extent of the manufacture of refined sugar in this country, 
there is a very great and constant demand for sugar-loaf moulds, which are a 
species of unglazed red pottery, made upon the potter’s wheel. Messrs. T. and 
R. Powell, of Bristol, however, by an improved patent process, now form them 
upon a mould, preparatory to turning, and afterwards give them a glaze both 
inside and out. The machinery employed by the patentees is represented in 
the following Figs. 1, 2, and 3. a. Fig. 1, represents the mould formed of wood 
or plaster of Paris, or both, and turned perfectly smooth ; it has a cvlindric .1 
pin b in the apex, and in the centre of the base, a hole to receive the head . i 
an upright spindle c, which projects about an inch through the disc d; 
this disc the mould is placed, a small pin from d entering a hole in the base to 
carry it with the disc, when the spindle (which is placed at the potter’s table, ' 
is set in motion Ipv a band passing round the pulley e. 

Fig. 2 represents the press in which the clay is prepared for the mould, a a 
the cheek of the press ; b, a stout triangular box secured to the sides of the 
press, of the shape shown by the dotted lines on Fig. 3 : c, a table supported by 
hinges at one end, and at the other by wedges resting on the frame e ; a flat 
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board (shown separate in Fiff.3,) is placed upon the table under b ; in the 
bos 6 is a thick plank, of the shape of an interior of f, and across b is placed 
a stout block of wood g, which is retained in its place by iron straps h bolted to 
b, and having forelocks passing through the top of them ; in g works the screw 
t, its upper end being steadied by the cross-piece I, and the lower end pressing 
upon the thick plank in b. 

I^g. 3 represents the plank /, which is half an inch thick, and having a piece 
taken out of the centre (as shown in the figure) ; the dotted lines represent the 
exterior shape of b, the interior being the same as /. The operation is as fol- 
lows : the plank f being placed on the table and slided imder b, the table is 



wedged up, and the forelocks are withdrawn from the straps h; the block g and 
screw k are raised by a rope ; the box b is then to be filled with clay, and 
covered with the thick plank before mentioned; g is then replaced, and the 
forelocks driven in : the screw being now turned, presses the clay into the mould 
plank/; a wire is then drawn through between the plank/ and the box b; the 
wedges being knocked out, the plank/ is withdrawn, and replaced by another, 
and the table again wedged, up. The piece of clay in / is then to be removed, 
and placed iroon the mould Mg. 1, round which it is wrapped, the edges closed 
together, and then turned fair and smooth : it is afterwards removed, when suffi- 
ciently dry, to the kiln ; and when burnt enough, the salt glaze is given in the • 
usual manner. Instead of the box fi, a number of planks like/ may be placed 
upon each other, and being firmly clamped together, the day may be pressed 
into them by the screw, and then being imdamped, a wire may be passed be- 
tween each, which thus gives the clay ready for the turning mould. 

PRECIPITATE. When a body, dissolved in a fluid, is either in the whole 
or in part made to separate and fdl down in the concrete state, the act of , 
falling is termed precipitation, and the matter fallen is called a precipitate. 

PRESS. A machine for the compression of any articles or substances, by 
the application of screws, levers, wedges, &c. in a convenient manner. As the 

• VOl. II. IT, 
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combinations of the mechanical powers are almost illimitable, it follows that there 
may be presses made of an almost infinite variety of forms ; but by no possible 
combination or arrangement of the mechanic powers, can any power be obtained : 
that must be derived from manual labour or some other moving force ; and as 
no motion can take place in any machine without a loss from friction of some 
portion of the original force applied, that press which imparts the greatest 
mechanical energy, with the least proportion of friction, and in the most con- 
venient manner, is the best. It however happens in most cases, that friction is 
reduced in proportion to the excellence of workmanship or perfection of form ; 
and as this circumstance enhances the cost, a preference is often given to 
machines of rude construction, and of less convenience in form. Under the 
article Oil we have described a variety of presses of very simple construction, 
but of great energy and little cost ; they are, however, for the most part, not 
sufliciently compact and convenient for the operations of the packer, or for the 
general purposes of our manufactories. Screw presses generally consist of six 
members or pieces ; viz. two flat smooth tables of wood or metal ; the lower 
one fixed, and the other above it movable. Between the surfaces of these tables 
the goods to be pressed are laid, and one or more screws, worked by a lever, 
are made to force the movable table or board towards the immovable one, and 
thus produce the pressure on the interposed body. This is the general nature 
of the machine, of which there are many varieties, each adapted to its own 
particular purpose. The most modem screw-presses have generally but one 
screw, preferably made of iron, which, at its lower end, has a massive globe 
head, with four holes through it, for the reception of the end of the lever 
employed to turn the screw ; the thread of the screw passes through a nut fixed 
fast in the head or top of the frame of the press. The frame, in this case, con- 
sists of a lower bed or horizontal piece, on which the matters to be pressed are 
laid, two upright cheeks being firmly united with it, and supporting the head, 
or upper horizontal pieces of the press, in which the nut of the screw is fixed ; 
the lower point of the screw is united with the follower, or moving bed of the 
press, and this rests upon the substance to be pressed, and the power of the 
screw forces it down upon it. A press of this kind is described under the article 
Hot-pbessino, but adapted to the latter object. 

Another kind of screw-press consists of two screws, which are immovably fixed 
in the lower board or bed ; and passing through holes in the upper board, have 
nuts upon them, which, being turned by a lever, draw the two boards together, 
and exert a pressure upon any thing placed between them. Sometimes the screws 
pass through the upper board, and are tapped into the lower one ; then the 
screws themselves are turned round by a lever put through their beads instead 
of turning the nuts. Presses of this kind, when accurately made, have a com- 
munication with wheel-work, from one screw to the other, so that both shall 
turn round together, and cause the two boards of the press to advance parallel 
to each other. The bookbinder’s cutting press is a mo^cation of this, and is 
used by bookbinders, stationers, and others. See Bookbinding. 

The screws for presses were formerly made of wood, with sharp threads ; that 
is, the worm of the screw, if cut across, would make a triangular section, the 
base thereof abutting Upon the cylinder of the screw. In this method it was 
necessary to have the threads very coarse, to give them sufficient strength, and 
then the power of the screw was not so great as in the other presses, where the 
screws are made of iron, and their threads not above one-third or one-fourth the 
distance asunder; the tenacity, hardness, and smoothness of the metal also 
diminishes the fraction considerably. The frames of the modem presses are also 
made of iron, wood being found incapable of permanently resisting the great 
strain to which they are subject, as all the fibres, even of the hardest oak, become 
separated into ribands, and then break, one at a time, till the whole beam fails. 

An excellent modification of the screw-press was invented and patented by 
Mr. Daniel Dunn, of IJpntonville, which is adapted to a variety of uses ; the 
following is a description : — Instead of the simple lever, consisting of a long 
straight bar, which requires so large a space to move it in, the patentee uses a 
compound lever (much like those employed in the ordinary printing press), by 
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which means the same power is obtained in a much more compact apparatus. 
i^ig. 1 represents an elevation of the complete press, and Fig. 2 a plan of the 
improved part of the machine ; the like letters in each figure denoting similar 
parts, a is the bed of the press J i of massive oak ; 6 h the cheeks or side framing ; 
c the head ; d the nut fixed into the head, through which the screw e is turned ; 
/ is the platten ; g the goods, together with the press-boards or metal plates 
between them. ITius far the press is like others ; hut instead of having a large 
screw-head, with apertures, for the insertion of a long lever bar, that part of 
the screw is squared, and on it is fixed a circiJar met^c plate or wheel h, with 
a double row of ratchet-teeth ; one of the rows of teeth project horizontally 
from the periphery, the other vertically, as will be understood upon examining 
both figures, i is the handle of the compound lever, which, being formed into 
a circular eye at the farthest extremity, is thereby fixed upon, and traverses up 


Fig. 2. 




and down the fulcrum h, which is an upright bar firmly bolted to one of the 
cheeks of the press. To alter the power according to circumstances, the 
curved end of the handle i is perforated with several holes, to receive a key or 
bolt, which fastens the other portion I of the compound lever to it (best seen in 
Fig. 2) ; the extremity of I is hooked or notched so as to take hold of the teeth 
of the ratchet-wheel, and it has a plate screwed on to it at o to prevent it from 
falling ofK To support the compound lever at the required elevation, a stout 
pin is passed into a hole, of which there are a series made for the purpose in the 
side cheek. In operating with this press, the goods are laid upon the bottom 
board in the usual manner ; the platten / is then brought down by turning the 
ratchet-wheel round by hand. The pressure is then given by pulling back the 
handle i in the direction, and to the position, shown by dotted lines in Fig. 2 ; 
by repeatedly moving the handle in this way, the ratchet-wheel is drawn round 
by the lever, which causes the screw to descend and to force the platten against 
the goods : during this operation it will occasionally be necessary to let the lever 
descend upon the fulcrum, by taking out the supporting pin, and putting it into 
the next hole beneath. When it is required to unscrew the press, the hooked 
end of the lever I is placed in contact with the circle of teeth on the upper sur- 
face of the ratchet-wheel ; the lever being then pulled the reverse way, the 
screw is raised, and the pressure taken off. • 

A very substantial and practical standing press has been made by Mr. J. L. 
Pouch^e, type-founder, of Holborn : it is particularly designed for the use of 
bookbinders, stationers, and printers ; the arrangement dispensing with the long 
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inconvenient lever, as in Mr. Dunn’s. It is represented in the following per- 
spective outline. There is little in its structure that varies essentially from 
other presses of the kind ; the head, bed, cheeks, screw, and nut, may be 
regarded as the same. The chief novelty consists in employing, in addition to 
these parts, a toothed wheel b, fixed on the axis of the screw, and operating 
upon it by the small pinion c turned by the lever d, which fits on the square 
end of the axis of e, whereon it is shifted at every fresh pull. The power of 



the press, when brought down to the work, may thus he increased in proportion 
to the difference of the diameters between the large wheel and the little pinion; 
the slow operation of the press at this time is of little consequence. This press 
stands in but little room, considering its mechanical efficacy, and it is manu- 
factured at a Iqw price. 

] Thsjbregoing are sufficient examples of the construction of screw presses ; 

sliqU_;lGhceft)re proceed to give a description of a most ingenious, cheap, and 
effective press, in which all the other mechanical powers are brought into 
operation ; viz, the wheel and axle, lever, wedge, inclined plane, and pulley. It 
is one of the inventions of Mr. Ewings, a talented member of the London 
Mechanics’ Institution, who obtained for it Dr. Fellowes’s annual prize of ten 
pounds. This press, which is applicable to the packing of goods, pressing of 
juice from fruits, oil from seeds, or other purposes to which the screw-press is 
usually applied, consists of a frame-work, and two or more blocks or beams, 
between which the articles to be subjected to pressure are to be placed ; and 
these vary in form, siz;p, and material, according to the purposes for which they 
are intended. Mr. Ewings does not -claim any novelty in the construction of 
these but only in his method of producing the pressure, which is effected 
y bringing together the pieces that act on the articles to be pressed by 
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wedges ; these are forced in by levers (in the manner represented by the fol- 
lowing figures 1 and 2), in both of which the same letters of reference represent 
similar parts, a is the base of the press, furnished at each end with ratchet 
notches 6 h, which constitute the fiilcrums of the levers hh; c is the top of the 
press, supported by the frames d d; and ee are the pieces acting on the goods, 
either downwards, upwards, or both, according as the pressure may be 
required : in Mg. 1 it is represented acting upwards ; and in Mg. 2 it is repre- 
sented acting both ways : ffff are friction rollers, between which the wedges 
gg are projected. A cord is fixed to a hook on the end of one of the levers, 
and passing over a pulley i, on the end of the other, is attached to a small 
drum /, which is furnished with a ratchet-wheel and pall,- and is turned by a 


Mg. 1 . 



winch \\ e have seen other modifications of Jlr. Ewings 's press, but we have 
selected the above as best calculated to show the principle of its action. 
Amongst the advantages of this press have been noticed tlie simplicity and 
economy of its construction, as it niay be made by almost any person accus- 
tomed 'to handle carpenters’ or smiths’ tools, of very cheap materials ; and also 
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the facility with which its power may be varied : it may be dimiuished or 
increased to any extent, simply by changing the form of the wedges ; but the 
drawings exhibit its various applications and mode of operation so obviously as 
to preclude the necessity of further remarks. 

We shall now proceed to the consideration of those presses wherein the 
power applied is eommunicated through the medium of an incompressible 
fluid. 

^y^tostatic, or water press, as it is sometimes called, was first brought 
into a practical form by the late Mr. Joseph Bramah, and was patented by him 
m 1796. Since this period it has undergone many new improvements in the 
constructive department, which, although they have not sensibly added to ite 
mech^cal energy, have materially added to its convenience, by rendering its 
operation more easy and certain. The following diagram is explanatory of the 



principle upon which it acts, a represents the foundation plate of the machine, 
and b the head-plate, connected together by four strong standards c c; the latter 
should be of wrought iron ; and the whole of the utmost strength and solidity, to 
resist the entire force of the press, which is exerted upon the goods placed between 
the follower d and the head of the press. The piston or ram e, (which supports 
the follower and goods) moves up and down in a very massive hollow cylinder 
f ft bored very accurately at its upper part to fit the ram, and at its lower end 
somewhat widened, as shown by the dotted lines, to admit a small quantity of 
water, which is forced into it by a small force-pump g, along the pipe h. Just 
above that part of the cylinder where the water discharges itself in a minute 
crevice, an annular cavity is formed around the cylinder, wherein is fitted a 
folding collar of leather, which presents a thin edge both to the ram and to the 
cylinder, to render the junction between them water-tight, which it does most 
effectually by the action of the pressure itself. The top of the cylinder where 
the ram emerges from it, is provided with a stuffing box, well packed, and 
secured by a covering plate. Now if we suppose the area of the valve by which 
the water is admitted into the cylinder to be one-eighth of an inch (as usual), 
and the power applied thereto by the lever of the pump to be a ton, and the 
area of the section of the ram to be 64 inches, we have 64 X 64 = 4096 
tons applied to the goods in this press, according to the known laws of the 
pressure of fluids, as explained under the article Hydrostatics The power 
mentioned is unnecessanly great for the general purposes of a press ; but it it 
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obvious that it may be reduced to any required extent by altering the propor- 
tions of the lever, the valve of transmission, and the ram ; and it is equally 
obviotis that the power may, by other modifications, be increased to an indefinite 
extent. 

It should, however, be noticed, that in the hydrostatic press of Bramah, in 
common use, the same time is occupied in pumping against a small, as against 
a great resistance : in almost all cases the operation is commenced when the 
resistance is at a minimum : during the process the increase is gradual, and at 
the termination the resistance is at a maximum. As a remedy for this practical 
inconvenience, hydrostatic presses are generally made with two levers of different 
powers, with the view of changing the power at some time dmdng the process. 
Notwithstanding this provision, however, the time and trouble attending the 
change, renders its assumed advantages a doubtful question of economy, and it 
is, consequently, rarely resorted to in practice. 

To obwate these objections, Mr. James Murdoch has proposed a self-regulating 
hydrostatic press, in which the change of power proceeds in the same ratio as 
the resistance, without any care or interference on the part of the operator. 
The ingenious arrangement proposed will be comprehended by the annexed 
drawings, marked Fig. 1 and Fig. 2, together with the following description : — 


lig. 1 


a represents the vacuum chamber, being similar to the exhausted receiver of an 
air-putnp,' b a double-barrelled air-pump; c a four-way cock, connecting a 
with a and e, the two force pumps, and its lower end communicating with the 
atmosjmere ; 1^ b section of one of the force pumps ; f is the plunger, working 

through the stuMg-box m, and having a solid piston h keyed on to it, which 
works air-hght in the enlarged part of d; y is a valve opening upwards ; n the 
exit pipe, leading to the press, which is not here shown, it being of the usual 
construction; o is a wheel, over which passes a chain connecting the two 
plungers ; it is fixed square on the axle t, as is the wheel p, which serves to 
tum^ the cock by means of a cord passing round it and r, ^'hich is a pulley 
playing loose on r, and having a projecting shoulder on its lower part ; s is a 
key fixed square on having shoulders at its lower end, and a weight at its 
upper end ; u is a rod attached to the plug of the cock c. The action is as 
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follows ; suppose the pistons In the situation shown in Fig. 1 , the enlarged 
chamber of the forcing pump d is now open to the vacuum chamber a, and the 
chamber of c is open to the atmosphere s; the lower barrel of d is fuD of water. 
Upon rarefying the air in the vacuum chamber a, by means of the air-pump h, 



the air in the chamber d likewise becomes rarefied, and the piston h will descend 
as soon as the pressure on it exceeds the pressure on the plunger/, and a portion 
of water is thus forced into the press by the pipe n. By the descent of the 
piston h, the wheel o revolves, and brings up the piston of the chamber e; the 
smaller wheel p is carried round at the same time, and turns the cock r, 
the shoulder on which, taking the shoulder on s, carries it round a little past 
the vertical line, when it (s) falls into the position of the dotted line, and opens 
e to the vacuum chamber, and d to the atmosphere. The air under the piston 
of e now becomes rarefied, and it descends in like manner as the other. The 
larger the vessel a is made in proportion to the chambers d and e, the better 
will the press accommodate itself to the changes of resistance. 

Printing presses are described under the article Printing: see also On,, 
Copying-machine, &c. 

PRINTING. The art of taking copies by impression of type, engraved 
plates and blocks, or of any design or work whatever, in black-ink or pigments 
of various colours ; but the word priniing.t standing alone, without any distinctive 
addition, is usually understood to imply typography, or printing from type, 
usually called letter-press printing, which we propose to notice in the first 
place. 

It is a remarkable circumstance, that notwithstanding the art of letter-press 
printing has formed a new era in the history and character of our species, the 
origin of its invention is involved in mysterious obscurity. The primitive 
honour of having given birth to this sublime vehicle of knowledge has been 
claimed by the Italian, the German, the Dutch, and the Swiss nations. The 
inhabitants of Mentz, Strasbourg, and Haerlem, seem to have the most solid 
ground for their Iviastings ; but we are bound to state, that the citizens of 
Venice, Rome, Florence, Basle, Augsburg, and Dordrecht, certify to the con- 
trary thereof. The discussion of this interesting question not according with 
the nature of our work, we recommend those of our readers who are solicitous 
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for information upon the early history of the art, to the article Printing, in the 
Oxford Encyclopisdia. We may, however, observe, that it seems to be admitted 
by all parties that this invention took place about the year 1410, and was brought 
to England by William Caxton, who set up his first press in Westminster Abbey, 
and began to print books some time after the year 1471. In the early stages of 
the art, the impressions were taken off with a list coiled up, such as the card- 
makers use at this day; but when they came to use single types, they employed 
stronger paper, with vellum and parchment. At last the press was introduced, 
and brought gradually to its present state. The same observation applies to the 
ink; at first the common writing ink was employed; and the printing ink of 
lamp-black and size, and lamp-black and oil (that now used) were introduced 
by degrees. We shall now proceed to e.Nplain the printer’s art, as it is prac- 
tised at the present day ; premising that it is divided into two branches, 
composition, or the arrangement of the types, and press-work, or the taking off 
impressions from types so arranged : the workmen employed are therefore dis- 
tinguished into two classes, — “compositors” and “pressmen.” Each compositor 
works at a sort of desk, called a frame, and, in most instances, he has a desk or 
frame to himself. The frames project laterally from the wall. At intervals 
there are large tables, with stone tops, technically called imposing-stones. 
Each frame at which a compositor works is constructed to hold two pair of 
cases ; each pair of cases contains all the letters of the alphabet, whether small 
letters or capitals, as well as points, figures, &c. &c. One of these pair of cases 
is occupied by the Roman letters, the other by the Italic. The upper case is 
divided into ninety-eight partitions, all of equal size ; and these partitions con- 
tain two sets of capital letters, one denominated “ full capitals,” the other 
“ small ; ” one set of figures, the accented vowels, and the marks of reference 
for notes. The lower case is divided into partitions of four different sizes; some 
at the top and ends being a little smaller than the divisions of the upper case ; 
others nearer the centre, being equal to two of the small divisions; others equal 
to four, and one equal to six ; in all there are fifty-three divisions in the lower 
case. The inequality in the size of the cells in the lower case is to provide 
for the great differences as to the quantity' required of each letter. According 
to the language in which it is used, one letter is mi’.ch more wanted than 
another, and the proportions required of each liave been pretty accurately 
settled by long experience. As some of our readers may be curious to know 
these proportions, as they apply to the English language, we subjoin the 
type-founders' scale for tlie small characters of a fount of letter, of a particular 
size and weight : — 


a . . 

. . 8.500 

n 

.... 8,000 

b . . 

. . 1,000 

o 

.... 8,000 

c 

. . 3,000 

P 

.... 1,700 

d . . 

. . 4,400 

q 

.... 500 

e 

. . 12 000 

i* 

.... 6,200 

f . . 

. . 2,500 

s 

.... S.OOO 

S ■ ■ 

. . 1,700 

t 

.... 0,000 

h . . 

. . 6,400 

ll 

.... .3,400 

i 

. . 8,000 

\‘ 

.... 1,200 

.i ■ ■ 

. . 400 

\v 

.... 2,000 

k . . 

. . 800 

X 

.... 100 

1 . . 

. . 1,000 

y 

.... 2,000 

m . . 

. . 3,000 

z 

.... 200 


The proportion in which a particular letter is required renders it necessary that 
the cells of the lower case should be arranged, not as the letters follow each, 
alphabetically, but that those in most frequent use should be nearest the hand 
of the compositor. The point to which he brings the letters, after picking them 
up out of their cells, is not far removed from the centre of the lower case ; 
so that in a range of about six inches on every side he can obtain the 
• c, d, e, i, s, 111 , n, h, o, p, u, t. a, and r, the letters in mo-t frequent use. The 
vot. ir. c c 
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spaces, which he wants for the division of every word, lie close at his hand, at 
the bottom of the central division of the lower case. It must he quite obvious, 
that the man who contrived this arrangement saved a vast deal of time to the 
compositor. 

The cases, particularly the upper one, are placed in a sloping position, that 
the compositor may the more readily reach the upper boxes. The instrument 
in which the letters are set is called a composing-stick, which consists of a long 
and narrow plate of iron, brass, or other compound metal, on the right side ot 
which arises a ledge, which runs the whole length of the plate, and serves to 
sustain the letters, the sides of which are to rest against it ; along this ledge is 
a row of holes, which serve for introducing the screw, in order to lengthen or 
shorten the extent of the line, by moving the sliders farther from, or nearer to, 
the shorter ledge at the end. AVhere marginal notes are required in a work, 
the two sliding pieces are opened to a proper distance from eacli other, in such 
a manner as that, while the distance between forms the length ot the line in 
the text, the distance between the two sliding-pieces forms the length of the lines 
for the notes on the side of the page. 

Before the compositor proceeds to compose, he puts a rule or thin slip of 
brass-plate, cut to the length of the line, and of the same height as the 
letter, in the composing-stick, against the ledge, for the letter to bear against. 
Thus prepared, the compositor hav ing the copy before him, and his stick in his left 
hand, his thumb being over the slider; with the right hand lie takes up the letters 
one by one, and places them against the rule, while he supports tliem with liis 
left thumb by pressing them to the end of the slider, the other hand being con- 
stantly employed insetting in other letters, which is effected by a skilful work- 
man at an average rate of about thirty per minute. A line being thus composed, 
if it end with a word or syllable, and e.xactly fill the measure, tliere needs no 
further care ; otherwise more spaces are to be put in, or else the distances 
lessened between the several words, in order to make the measure quite full, so 
that every lino may cud even. The s])aces here u.sed are jiieces of metal exactly 
shaped like the shanks of the letters; they .we of various thicknesses, and serve to 
preserve a proper distance between the words; but not standing so high as the 
letters, they make no impression when the work is printed. The fiist line being 
thus finished, tlie compo-itor proceeds to the next; in older to do which he 
removes the brass rule from behind the former, and places it before it, and thus 
composes another line against it after tlie same manner as before ; going on thus 
till his stick is full, when he empties all the lines contained in it into wliat is 
called a galley, which consists of a flat piece of mahogany, or other line wood, 
with a ledge of a proper height at the margin of its two sides. '1 he compositor 
then fills and empties his composing-stick as before, till a complete page is 
formed; when he ties it up with a cord, and, setting it by, he proceeds to tlie 
next, till the number of pages constituting a sheet is completed; which done, 
he carries them to the imposing-stone, there to be ranged in order, and fastened 
together in a frame called a cha-e, — raid this is termed imposing. The chase 
is a rectangular iron fiame, of dilierent dimensions, according to the size 
of the paper to be printed, having two cross-pieces of the same metal, 
called a long and short cross, mortised at each end, so as to be taken out 
occasionally'. By the different situations of these crosses, the ch tse is fitted for 
different volumes ; for quartos and octavos one traverses the middle lengthwise, 
the other broadwise, so as to intersect each other in the centre ; for twelves and 
twenty-fours, the short cross is shifted nearer to one end of tlie chase ; for 
folios, the long cross is lemoved entirely. <and the short oiie remains in the 
middle; and for broad'-ides, no cross is required. To impose, or arrange and fi.x 
the pages in the chase, the compositor makes use of a set of furniture, consist- 
ing of slips of W'ood of different dimensions, Fomewhat lower than the letters; 
some of these are placW at the top of the pages, and called head-sticks; others' 
between them, to form the inner margin ; ana others, in the form of w edges, to 
the sides and bottoms of tlie pages. Thus all the pages being placed at their 
proper distances, and secured from being injured bv tlie ebase and furniture 
placed about them, they ar^ all untied, and fastened together by driving uo 
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small wedges of wood, called quoins, between the slanting side of the foot and 
the side-sticks and tlie chase, by means of a piece of hard wood and a mallet; 
and all being tluis bound fast together, so that none of the letters will fall out, 
it is ready to be committed to the pressmen. In this condition, the work is 
called a form ; and as two of these forms are in most cases required for every 
sheet, it is necessary the distances between the pages in each form should he 
placed with such exactness, that the impression of the pages in one form shall 
fall exactly on the hack of the pages of the other; the eti'ecting this is called 
making register. 

As It is impossible but that tiiere must be some mistake in the work, either 
througli tile o\ ersigiit of tiie compositor, or by ti.e casual ti ansposition of letters 
in the cases, a sheet is printed ofij which is crJ.Ied a proof, and given to the 
corrector, wlio, after reading it over, and rectifiing it by the co]>y, making the 
alterations in the margin, returns it to the compositor to be corrected. The 
compositor then unlocking the form upon the coirecting stone by loosening the 
quoins or wedges, rectifies the mistakes by picking out the wrong letters with a 
slender sharp-pointed steel bodkin, and putting others into tiseir places. After 
this, another proof is made, and corrected as before; andlastlv, there is another 
proof called a revise, wliicli is taken from the form wlien finally placed on the 
press, in order to ascertain whether ail the mistakes marked in the last proof 
have been corrected. 

Tiie pressmaii's business is to work off the forms thus prepared and corrected 
by the compositor; in doing which, there arc fotir things required — paper, ink 
or colouring matter, balls or rollers, and a press. 

To prepare the paper for use, it is to be first welted by dipping several sheets 
together in water; tliese arc afterwards laid in a heap over each other; and to 
make them take tlie water equally, they are pressed close down with a weight 
at the top. 

Tlie ink is made of oil and lamp-black ; for the manner of preparing which, 
see I.NK. 

The halls, by which the ink was formciiy applied i.n the fuims, were a kind 
of wooden funnels with liandles, the cavities of wliicli were filled with wool or 
hair, as was also a piece of leather or jielt nail 'd over the cavity, and made 
e.xtremely soft by soaking in urine, and being well rubbed. One of these the 
pressman took in each hand, and applying one of them to the ink-block, daubed, 
and worked them together, to distribute the ink equally, and then blacked the 
form, which was placed on the press, by beating wita hulls uiion the face of 
the letter. A considerable improvement on tins plan has been cii’ectcd by means 
of rollers, which are now generaily in u-e. These consist of a cylinder made 
of a combination of treacic and glue, which run < on an iron rod, afiixed to which 
are two handles. Instead of beating, as in the former case, the cylinder is 
rolled over the face of the form, by v. hieh tlie ink is ..pplicd in a much more 
even manner, a.ud witli a consideranl*' decieiise of l-iho.ir. 

Tiie earliest printing presses wcie the enmmou i.irgc wooden screw presses, 
employed at the present d.ay for conipie-'ing pajur, cloth, &c. Of course this 
mode of taking impressions must have been v.-ry sliw and laborious; and the 
pressure being applied between the two sou. I ir.dastic suifaccs, a considerable 
degree of care must liave been exercised to I'lrviiit injury to the letters or t\pe 
of the form. Such presses were, bower used ior about ;J00 years, without 
any one attempting to improve tiiem. \ sk. it time previous to the year 1770 
it appears that \\ illiain Jansen Elacw, a n.,-.;:icmalical iustruinent maker, of 
Auisterdam, recommended the introduction of a suvinsr, lioth over the liead and 
under the bed of the press, which, upon trial, proved very s.itisfactory : he took 
upon himself an alteration of the working scicw, giving it more threads, which 
is, in efi'cet, a quicker motion ; and ill's, combined witli tlie action of the springs, 
rendered t'le iiupre.ssion *’ sharper," without “■ iiardness.’* Blacw s presses were 
found to be so great an improvement upon their p'Pcursnrs, that Luckcombe, in 
hii Hhtonj of Pi-kl:iig. published in 1770, says. '* Tliere are two sorts of 
presses m use, the old and the new fashioned; tiie old sort, till of late years, 
were the oiiK presses used ill Engliud. ' Xow th^ “new-fashioned” press of 
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Blaew, though it has become very old-fashioned to modem printers, is too 
respectable a machine, in our eyes, to be wholly omitted in these pages ; and as it 
differs not in any con.siderable degree from the wooden-framed presses still in use 
by many of our printers, we shall here annex a description which will sufficiently 
apply to them both. It consists of two upright beams, called cheeks, about six 
feet long, tenoned into a cap above, and, at their lower ends, into a stout square 
frame, on which it stands. The head of the press is sustained by two iron 
bolts, that pass through the cap. A screwed nut is fixed in the head, through 
which the screw works when operated upon by the lever ; the lower extre- 
mity of this screw is called the spindle, which is a cylindrical piece of steel 
working in a metallic cup of oil, fixed to an iron plate let into the top of a broad, 
solid, and thick piece of mahogany, whose surface is brought to a true and 
smooth plane, and is called the platten. This platten, by ])ulling the lever, is 
made to descend and press upon a blanket, which covers the paper laid upon 
the form of types, and thereby produces an impression. The form is laid upon 
a broad flat stone, or thick marble slab, which is let into a wooden frame called 
a coffin ; this coffin is fixed upon a carriage, which is made to run upon a hori- 
zontal railwa)’ under the platten for an impression, and out clear of the same, 
to take off the printed sheet, and put a blank one in its place. This backward 
and forward motion of the carriage and form is produced by a strap and pulleys, 
turned by a winch handle. The paper is adjusted and held down by a folding 
frame, called the tj mpan and frisket, which again fold down over the fresh inked 
type, in a very exact manner, before the form is run in under the platten to 
receive an impression. By presses of this kind, about 250 impressions are run 
olF in an hour ; in light work it is extended to 300 in an hour ; and when 
presses of this kind were used for printing newspapers, the printers managed 
by extraordinary efforts and relays of men, to work as many as 500 in 
the hour. 

The principal defect in the common oroldfashioned press just described, consists 
in the effective power of the lever being uniform throughout its range of motion, 
requiring the pressman to exert his bodily strength to the utmost, in giving it a 
tug at the end of the pull ; at which time only, when the platten is down upon 
the form, great force becomes necessary. This disadvantage is completely 
obviated in the improved press invented by the late patriotic Earl Stanhope 
which machine we purpose describing after having explained the principle 
upon which its chief excellence depends, namely, the combination of levers, by 
which the platten is forced down 
upon the form of types. In the an- 
nexed diagram a b represents a short 
lever, which is connected to the top 
of the screw' which carries the platten, 
the shorter arm of the said lever being 
the radius of the screw ; its longer 
arm the distance between the centre 
of the screw to the point b. 'i'his 
lever, by means of a connecting rod 
c, acts upon the bent lever d e g, 
whose fulcrum is at e ; and as, by 
this combination of the lever, tlie 
platten acts but through a small 
space in comparison to the space 
passed through by the power, it fol- 
lows that the effect must he very 
pow erful. But it is necessary that this effect should be at a maximum when 
the platten impinges upon the type, and this object is accomplished by the 
angular position of thi levers ; for when the platten is elevated, the lever e p is 
parallel to the line hi, audits shorter arm ed is nearly perpendicular to the 
same line, and also the connecting rod c ; therefore will move the rod c with its 
greatest velocity during the first part of the motion of the lever eg; at which 
time the lover a b forms an acute angle with the line h i ; consequently acts • 
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at a disadvantage in causing the revolution of the screw ; but by the time the 
lever e ^ is brought perpendicular to the line h i (when the platten impinges 
upon the type) the lever ab is also perpendicular to the connecting rod c ; con- 
sequently it will then exert its greatest influence in causing the revolution of 
the screw', and at this time also the power of the workman will be applied at 
right angles to the lever e g, therefore will produce the greatest effect precisely at 
the moment of impact. 

The “ Stanhope press ” is, in other respects, a considerably improved 
machine. The whole frame is made of one massive iron casting, as repre- 
sented at kk in the subjoined cut, which e.xhibits a perspective view of it. 
In the upper part of the machine a nut is fixed, into which a stout, well 



cut screw f works, having a conic d end that operates upon the upper end 
of a slider vi, which is fitted into a dovetailed groove fonned between two ver- 
tical bars « n of the frame. The slider has the platten o firmly attached to the 
low'er end of it ; and being accurately fitted in the guide bars n n, the platten 
rises and falls parallel to itself, when the screw I is turned. The weight of the 
platten and slider is counterbalanced by a heavy weight p, which is suspended 
from a lever, that acts upon the slider to lift it up, and keep it always bearing 
against the point of the screw. At q is a forked support to the railway and car- 
riage. The candage is moved bj'a winch or “rounce,” with a “spit” and leather 
straps, which pass round a pulley r, one strap extending to the back of the 
carriage to draw it in, and two others pass round the wheel in an opposite direc- 
tion, to draw it out : s is the table on which the type is laid. The combina- 
tion of levers in this machine, it will be observed, is precisely the same as in 
the preceding diagram, and their action is the same ; consequently further 
description of them is omitted. 

The superiority of iron presses over the wooden ones may, in a great mea- 
sure, be attidbuted to the e.xtreme accuracy with which the corresponding 
surfaces of the platten and table are levelled. This is effected by turning them 
in the lathe, with a slide-rest; and this is performed witit such precision that if 
they do not bite a hair or a thin piece of paper in every part, they are not con- 
sidered to be finished. The advantage of true workmanship must be apparent 
in printing such surfaces as those of our large newspapers, and clearly bringing 
up every letter and dot out of perhaps a hundred thousand or more. 
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Numerous alterations have oeen successively made upon the Stanhope press by 
the manufacturers, who magnify them to the public as being vast improvements, 
as increasing the productive power of the press in a duplicate and even triplicate 
ratio ; but our mechanical readers will at once perceive the impossibility of the 
correctness of such statements : that if there be a loss of ten or fifteen per cent, 
of the power applied to the Stanhope press, arising from friction, &c., no modi- 
fication whatever of the six mechanical agents can save the whole of such lo^s. 
The press may be rendered more convenient and handy, and the minor arrange- 
ments and appendages may be also improved ; indeed, we doubt not that such 
ameliorations have been and will continue to be introduced ; but they become 
perfectly insignificant and trifling when compared with the beautiful invention 
of the patriotic Stanhope. Amongst the ablest manufacturers of the present 
day of iron presses, we may mention Messrs. Ruthven, Medhurst, Cope, 
Slierwin, Clymer ; there are many others, we doubt not, of equal ability', who 
have not succeeded in making themselves as well known. All the presses that 
we have from time to time seen, and especially those of the manufacturers we 
have named, possess some peculiar points of excellence as well as defects in 
their mechanism, to describe and discuss which would take up much time and 
space. In justice, however, to the two first-named gentlemen, whose inventions 
possess great originality and simplicity, we must afford room for a compendious 
notice of the peculiar contrivances which distinguish them from all others. 

In 1813 Mr. Ruthven, of Edinburgh, took out his patent, which term having 
expired, the invention is public property. Instead of placing the types, as was 
the case in all previous invetitions, upon a movable carriage, they are fixed upon 
a stationary' table, and the platten and tympans are drawn over it, and the 
impression is effected by a system of levers, the action of which the annexed 
diagram will serve to explain. 

(j c i is an angular lever, wliose 
longer arm a c is in the form of 
a winch, to which the workman 
applies his power ; while the 
shorter arm c b acts upon the 
e.xtrernity of the connecting rod 
d, by which its efficacy is trans- 
mitted to the point e of the lever 
e f, whose fulcrum is at g ; this 
lever is connected by the rod h 
to the extremities of the levers 
him, whose fulcra axem m. The 
rods n n are connected with the 
levers U I vi at ll, while their 
upper ends act upon the support 
of the platten by means of a species of hooks. Now if the lever or winch a e 
be turned in the direction of the dotted line a o, the shorter arm c b will push 
the rod d in the direction be ; consequently the point e of the lever efg will 
move in the direction of the dotted line ep; and as the point/ will desciibe a 
similar arch, the rod fi will depress the ends k of the levers h I m ; therefore 
the rods n n will be drawn down, bringing with them the platten. Tlie same 
regulation with regard to the angular positions of the levers is observed in this 
beautiful arrangement as in the Stanhope, so that their greatest efficacy is exerted 
at the moment of impact. 

Mr. Medhurst’s press, except in the mechanism by which the power is com- 
municated to the platten, resembles those in general use ; but in that respect it 
forms a very remarkable exception ; no screw is used : but the spindle to which 
the platten is made fast is swelled out at its upper end into a broad stout 
collar, as shown at d in the follou'ir.g cut, into which the lever or handle h of 
the press is inserted. At equal distances apart on the upper side of this circular 
collar are turned out of the solid two steps or cups, which teceive the ends of 
two inclined bolts c c, which bolts are supported at tlieir upper ends by the 
points of two screw-bolts (? d, that pass through the head e, and enter sockets 
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made in the heads of c c. When the platten is up, the rods c c lean in the 
inclined position, as shown ; hut when the spindle is turned a quarter of a revo- 



lution, the holts f c take a vertical position, and as the head e is immovable, the 
collar a on the spindle is forced down, and with it the platten to which it is 
attached. 

Prior to the introduction of printing machines, the press department was one 
of great labour, whenever e.xtraordinary expedition was required. It was par- 
ticularly the case with newspapers, of which, with the utmost exertions, scarcely 
ever more than 730 copies could be obtained in an hour; the consequence was, 
that an newspaper offices where the circulation was extensive, it was found 
necessary, in order to get the paper published in time, to compose two or more 
copies ; so that, by going to press at the same time, the demands of the public 
might be complied with, thus occasioning an enormous increase of e.xpenditure 
both in the compo.sitors' and press department. In a newspaper circulating 
7 or 8000 copies, ibis expense amounted annually to at least 2000/., all of which 
has been saved by the introduction of machines. 

In the ."d vol. of the Quarterly Journal of Science (new series) is inserted a 
communication •' ou the recent improvements in the art of printing,” by 
Mr. Cowper, a gentleman of extensive information upon every thing I'elaiing to 
the subject, who has invented many important improvements in the mechanism 
and process of the art, both individually, and in conjunction with his partner, 
Mr. Applcgath, and who is therefore eminently qualified to give a correct 
btatement of the facts, which we shall subjoin, slightly abbreviated from the 
oiiginal. The little diagrams that are inserted in the body of the text serve 
to explain, in a verv clear and concise m.anner, the leading piinciple or arrange- 
ments of the successive inventions described, respecting which it is also neces- 
sary to observe, that — 

The black parts in every figure represent the inking apparatus. 

The diagonal lines „ „ the paper cylinders. 

The perpendicular lines „ „ the types or plates. 

The arrows „ „ the track of the sheet of paper. 

It was in the year 1790 that Mr, William Nicholson took out a patent for 
certain improvements in printing: and, on reading his specification, every one 
must be struck with the extent of his ideas on the subject; to him belongs, 
bevond doubt, the honour of the first suggestion of printing by means of 
evlinders ; the following are bis own words, divested of legal redundancies ; — 

" In the first place, I not only avail myself of the usual methods of making 
type, but I do likewise make and arrange them in a new way, viz. by ten- 
dering the tail of the letter gradually smaller ; su*h letter (he says) may be 
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imposed on a cylindrical surface ; the disposition of types, plates, and blocks, 
upon a cylinder, ai'e parts of my invention. 

“ In the second place, I apply the ink upon the surface of the types, 
plates, &c. by causing the surface of a cylinder, smeared with colouring matter, 
to roll over, or successively apply itself to the surface of the types, &c., or else 
I cause the types to apply themselves to the cylinder. It is absolutely neces- 
sary that the colouring matter be evenly distributed over this cylinder, and for 
this purpose I apply two, three, or more smaller cylinders, called distributing 
rollers, longitudinally against the colouring cylinders, so that they may be 
turned by the motion of the latter ; if this colouring matter be very thin, I 
apply an even blunt edge of metal or wood against the cylinder. 

“ In the third place, I perform all my impressions by the action of a cylinder, 
or cylindrical surface ; that is, I cause the paper to pass between two cylinders, 
one of which has the form of types attached to it, and forming part of its 
surface, and the other is faced with cloth, and serves to press the paper so as 
to take off an impression of the colour previously applied; or otherwise, I cause 
the form of types, previously coloured, to pass in close and successive contact 
with the paper wrapped round a cylinder with woollen cloth.” He also 
described a method of raising the paper cylinder, to prevent the type from 
soiling the cloth. 



NichoUon*s arrangemstit for archtd ykhohona arrunyament for common type. 


These words specify the principal parts of modern printing machines ; and 
had Mr. Nicholson paid the same attention to any one part of his invention 
which he fruitlessly devoted to attempting to fix types on a cylinder, or had he 
known how to curve stereotype plates, he would, in all probability, have been 
the first maker of a printing machine, instead of merely suggesting the principles 
on which they might be constructed. 

The first working printing machine was the invention of Mr. T. Koenig, a 
native of Saxony ; he submitted his plans to Mr. T. IJensley, the celebrated 
printer, and to Mr. R. Taylor, the scientific editor of the Philosophical Magazine. 
These gentlemen liberally encouraged his exertions, and in 1811 he took out a 
patent for improvements in the common press, which, however, produced no 
favourable result. He then turned his attention to the use of a cylinder, in 
order to obtain the impression, and two machines were erected for printing the 
Times newspaper, the reader of which was told, on the 28th of November, 1814, 
that he held in his hand a newspaper printed by machinery, and by the power 
of steam. 

In these machines the type was made to pass 
under the cylinder, on which was wrapped the 
sheet of paper, the paper being firmly held to 
the cylinder by means of tapes ; the ink was 
placed in a cylindrical box, from which it was 
forced by a powerful screw, depressing a tightly- 
fitted piston; thencc«it fell between two iron 
rollers : below these were placed a number of 
other rollers, two of which bad, in addition to 
their rotatory motion, an end motion, that is, a 
motion in the direction of their length ; the whole system of rollers terminated 
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ill two, which applied the ink to the types. In order to obtain a great number 
of impressions from the same form, a paper cylinder (i. e. a cylinder in which 
the paper is wrapped) was placed on each side of the inking apparatus, tlie form 
passing under both. The machine produced 1100 impressions per hour; sub- 
sequent improvements raised them to 1800 per hour. 

The next step was the invention of a machine (also by Mr. Koenig) for 
printing both sides of the sheet : it resembled two single machines, placed 
with tlieir cylinders towards each other, at a distance of two or three feet. The 
sheet was conveyed from one paper cylinder to the other by means of tapes; the 
track of the sheet exactly resembled the letter S, if laid horizontally, thus, ot . 
In the course of this track the sheet was turned over. At the first paper 
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cylinder it received the impression from the first form, and at the second paper 
cylinder it received the impression from the second form ; the machine 
printed 750 sheets, on both sides, per hour. This machine was erected for 
Mr, T. Bensley, and was the only' one Mr. Koenig made for piinting on both 
sides the sheet: this ivas in 1815. 

About this time Messrs. Donkin and Bacon were also contriving a printing 
machine; having in 1813 obtained a patent for a 
machine in which the ty pes were placed upon a 
revolving prism ; the ink was applied by a roller, 
which rose and fell with the irregularities of the 
prism ; and the sheet was wrapped on another 
prism, so formed as to meet the irregularities of 
the type prism. One of these machines was 
erected for the university' of Cambiidge, and was 
a beautiful specimen of ingenuity and workman- 
ship ; it was, however, too complicated, and the 
inking was defective, which prei'ented its success. 

Nevertheless, a great point was attained; for in 
this machine were first introduced inking-rollers, 
covered with a composition of treacle and glue ; 
in Koenig's machine the rollers were covered with leather, which never answered 
the purpose well. 

In 1815 Mr. Cowper obtained a patent for curving stereotipe plates for the 
purpose of fixing them on a cylinder. Several of these machines, capable of 
printing 1000 sheets per hour on both sides, are at work at the present day'; 
and twelve machines on this principle weie made for the Bank of England a 
short time previous to the issue of gold. 



Dov\cn and Bnran's Machine 
for r.jpe 



Coicpers single, for curved Stcreof^pe. C'lepej’s double, /..r bulk ndco of sh-jtl. 


It is curious to observe that the same object seems to have occupied the 
• attention of Nicholson, Donkin and Bacon, and Mr.'Cowper, viz. the revolution 
voi. n. ■■ " 
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of the form of types. Nicholson sought to do this by a new kind of type, 
shaped like the stones of an arch. Donkin and Bacon sought to do this by 
fixing types on a revolving prism ; and at last it was completely effected by the 
curving of a stereotype plate by Mr. Cowpcr. 

In these machines two paper cylinders are placed side by side, and against 
each of them is placed a cylinder for holding the plates ; each of these four 
cylinders is about two feet diameter ; on tbe surface of the plate cylinder are 
placed four or five inking-rollers, about three inches diameter; they are kept in 
their position by a frame at each end of the plate cylinder, the spindles of the 
rollers lying in the notches on the frame, thus allowing perfect freedom of 
motion, and requii-ing no adjustment. The frame which supports the inking- 
rollers, called the waving-frame, is attached by hinges to the general frame of 
the machine ; and the edge of the plate cylinder is indented, and rubs against 
the waving-frame, causing it to wave or vibrate to and fro, and, consequent!}', 
to carry the inking-rollers with it, thus giving them a motion in the direction of 
their length, called the end motion. These rollers distribute the ink upon 
three-fourths of the surface of the plate cylinder, the other quarter being 
occupied by the curved stereotype plates. The ink is held in a trough ; it 
stands parallel to the plate cylinder, and is formed by a metal roller revolving 
against the edge of a plate of iron ; in its revolution it becomes covered with 
a thin film of ink ; this is conveyed to the plate cylinder by an inking-roller 
vibrating between both. On the plate cvlinder the ink becomes distributed, 
as before described, and as the plates pass under the inking-rollers they become 
charged with colour: as the cylinder continues to revolve, the plates come in 
contact with a sheet of paper in the first paper cylinder, whence it is carried, by 
means of tapes, to the second paper cylinder, where it receives an impression 
on its opposite side from the plates on the second plate cylinder, and thus the 
sheet is perfected. These machines are only applicable to stereotype plates, but 
they formed the foundation of the future success of Applegath and Cowper’s 
printing machinery, by showing the best method of furnishing, distributing, and 
applying the ink. 

In order to apply this method to a machine capable of printing from type, it was 
only necessary to do the same thing in an extended flat surface or table, which 
had been done on an extended cylindrical surface; accordingly Mr. Cowper 
constructed a machine for printing both sides of the sheet from type, securing 
by patent the inking apparatus, and the mode of conveying the sheet from one 
paper cylinder to the other by means of diums and tapes. 



AppUgath and Covrpers Single Machine. 



Applegath and Cowper s J)ouhle Machine. 


Mr. A. Applegath, who was a joint proprietor with Mr. Cowper in these 
patents, obtained patents for several improvement.,, Mr. Cowper had given the 
end motion to the distiibuting rollers by moving the frame to and fro in which 
they were placed. Mr. Applegath suggested the placing of these rollers in a 
diagonal position across the table, thereby producing their end motion in a 
simpler manner,— -a plan of which we subjoin. A is the inking table or fiat 
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surface, on which the ink is spread and distributed ; B is the form of types ; 
C C C are the rollers for communicating the ink to the types ; D D D are the 
distributing rollers placed diagonally across the tabic, their pivots resting in 
slots in the carriages. The table is made to slide backward and forward, causing 
by that motion the rollers to revolve, which are nicely adjusted in contact with 
the table, so as to press evenly on the surface of it, those in the oblique position 



causing the ink upon the surface to be spread out' very evenly, so that the 
rollers C C C, which follow in action, become charged very uniformly, and 
deliver it to the type in like manner. The diagonal rollers must have an 
admirable tendency to spread out the ink in a smooth stratum, by the sliding of 
the table in a different direction to the lines of revolution ; but there must be 
considerable friction at their axes by the constant tendency of the table to 
thrust the rollers sideways or endways, which must be provided against, or they 
will soon wear untrue. He also contrived a method of applying two feeders to the 
same printing cylinder ; these latter inventions are more adapted to newspaper 
than to book-printing. Numerous machines have been constructed upon the 
joint inventions of Messrs. Applegath and Cowper, which are modified in a great 
number of ways for the various purposes of printing books, bank-notes, news- 
papers, &c. ; they have, in fact, superseded Mr. Koenig’s machines in the office 
of Mr. Bensley (who was the principal propn ietor of Koenig's patent), and al«o 
in the office of the Times, as was announced in that journal. No less than forty 
wheels were removed from Koenig’s machines wlien Mr. Bensley adopted the 
improvements of Messrs. Cowper and .Applegath. Having, on the first trial of 
their machines, discovered the superiority of the inking-roller and table over the 
common balls, they immediately applied 
them to the common press, and with com- 
plete success ; the invention, however, was 
immediately infringed throughout the king- ^ 

dom, and copied in France, Germany, and 
America ; and it would have been as 

fruitless to have attempted to stop the /.“ 

infringement of the patent as it was found j j 

in the case of the kaleidoscope. This 
invention has raised the quality of printing 

generally. In almost any old book will he perceived groups of words very 
dark, and other groups very light; these are technically called “monks and 
friars,” wdiich have been reformed altogether. The principal object in a news- 
paper machine is to obtain a great number of impressions from the same form, 
or one side of the sheet, and not from two forms, or bc*h sides of the sheet, ns 






in books. 

In the Times machine, which was constructed on the joint invention of 
Messrs. Applegath and Cowper, the form passes under four printing cylinders, 
which are fed with sheets ^of paper by lour la'is, and, after the sheets are 
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piinfed, they pass into the hands of four other lads; by this contrivance 4000 
sheets per hour are printed on one side. 

Tlie annexed engraving afturds a general or perspective view of one of 
Messrs. Cowper and Applegatli's dcuirle machines, constructed on the prin- 
ciple of the diagram on page 310. A boy is represented as standing upon a 



platforin, with a pile of paper A on a table on his left hand, from which he 
has taken a sheet of paper B, and is applying it to the machine. It first 
goes under the cylinder F, and is there printed on one side, it is tien 
conducted over the intermediate cylinders H I, on to the cylinder G, passing 
round this, and underneath ; the sheet of paper is thereby turned with its 
opposite side against the type, and receives the second or finisliing impres- 
sion, and is then conducted to the top of the pile of printed sheets, where 
a boy at Z is shown sitting on a stool, and receiving the sheets as they 
are presented, and laying them square on the pile before him. The separate 
forms of types designed to print both sides of the sheet, are placed at the 
requisite distance asunder, upon one long bed mounted on a carriage, 
which is moved backwards and forwards upon a railway, constructed to guide 
the carriage, witli great accuracy, into contact with tlie cylinders F and O, to 
produce the impression. The reciprocating motion of the carriage is effected 
by a pinion fixed upon the end of a vertical spindle, taking into the teeth of an 
endless rack, which is connected by a system of levers with the type cariiage, 
in such a manner, that when the pinion is turned round, it engages, at alternate 
periods, in the teeth formed on the oppmsite sides of the rack, and consequently 
on the opposite circumference of the pinion ; thereby' a continuous motion of 
the pinion communicates a reciprocating motion to tlie rack and carriage. Tlie 
vertical spindle is turned by a couple of bevelled wheels, from the pinion P, 
which receives its motion by an intermediate wheel Q from the toothed wheel 
upon tlie end of tlie maj;! cilinder G. An inking apparatus is situated at each 
end of the machine. At \ one of these is brought into view ; it consists of a 
cylindrical metal roller, which has a slow rotatory motion, communicated to it by 
a catgut band passing round a sni.all jmlley ujion the end of the axis of the main 
cylinder G. The roller at N adajitcd to cairy down a thin film of ink upon its 
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circumference, by turning in contact with a mass of ink disposed upon a hori- 
zontal plate of metal, the edge of which plate is ground straight, and the dis- 
tance between the two surfaces is adjusted by screws. Upon an axis turning 
at P, is mounted a composition roller, connected by cranked levers with a small 
eccentric circle fixed upon the end of the axis of the cylinder g, causing it to 
move round the axis P, and remain for a short period in contact with the face 
of the ink-roller N, thereby receiving a portion of ink upon its surface : it 
then descends and rests with its whole weight upon the surface of the table, 
which is affixed to the end of the tvpe carriage, the reciprocating motion of 
which causes the ink-table to receive ink upon its surface from the elastic roller 
before mentioned. In this situation, when the type-carriage returns, the surface 
of the table is made to pass under tbree elastic rollers ; these rollers are mounted 
upon pivots in a frame, in such manner that they have liberty to move some- 
wliat up and down, in order that the rollers themselves ma}' bear severally upon 
the surface of the table ; and to equalize tbe ink perfectly over the table, an 
end motion is given to the rollers by means of inclined planes, against which 
they come into contact ; and by the further motion of the type-carriage, the ink- 
tahle is caused to pass under four other small elastic rollers, which in like manner 
bear with their weight upon the surface of the table, and thereby take up tbe 
ink upon their circumferences, which they impart to the types as the form 
travels backwards and forwards under them, thus touching every type eight 
times. Whilst this operation of inking the types is going on at one end of the 
machine, the printing process is performed at the other end on one of the sides 
of the sheet from tlie types last inked, and rke versa. 

The improvements in printing machinery, patented by Mr, Wayte, a printer, 
of Mount Pleasant, London, in 1829, deserve notice on account of their origi- 
nality and simplicity. In his specification is described a printing maebinc, or 
press, having two tables with a form on each, tbe one to press the first side of 
the sheet, and the other to perfect it, or print the second side, Tliese two 
tables are placed on a vibrating frame, which is actuated by a crank, and br ings 
them alternately under a pendent-plattcn, which is brought down upon them 
through the instrumentality of a crank, to give tire impression. The frame 
which supports the form-tables consists of a parallelogram jointed at the angles, 
and therefore the horizontal position of the forms is preserved, both when they 
are elevated to the platten to receive the impression, and depressed to the 
rollers to receive a supply of ink. There is an inking apparatus for each 
form, placed at opposite ends of the machine: it consists of a long trough, and 
a ductor and supply-roller, of the usual description ; with distributing-rollers, 
which traverse the forms, and are kept in their places by guides, with long ver- 
tical slits to receive their axes. AVhen either of the forms is depressed, its 
distributing-rollers are carried to the ink-trough to receive ink from the 
supply-roller, which they transfer to the form by passing over its surface as it is 
elevated. 

The paper to be printed is supplied to the machine from a feeding-board, 
through the medium of an endless web, passing over rollers, connected by bands 
or chains to the main shaft, which communicates, simultaneously, to all parts of 
the machine. The sheets of paper being placed on the feeding-board, a boy 
pushes them forward singly, when they are successively caught by the rollers 
and endless web, by being pressed down upon them through the medium of a 
projecting lever, operated upon at stated times by the motion of the machinetj'. 

lien the sheet of paper is brought between the form and the phuten, its 
motion, as well as the motion of the form, is stopped while the impression is 
communicated to it. This stoppage of motion is effected without interfering 
with the motion of the main shaft, and other parts of the machinery, by 
removing the teeth from a portion of the circumference of the spur-wheel, which 
communicates motion to the web-roller.». After the firstimpression has been 
given to the sheet, it is canned about another roller, which turns its reverse side 
towards the platten, while the second or perfecting form is brought, by a vibra- 
tion of the frame-work, under the paper to print the second side, or to give it 
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the perfecting impression, which is effected while the motion of the web-roller 
is stopped as before. 

The piatten is suspended over the centre of the press, and guided perpen- 
di.’iilarly down b\' strong frame-work, and the pressure is produced by a vertical 
rod, connected with the piatten at its upper end, and with a revolving crank at 
its lower end ; a lever with a counterpoise is also connected with the lower end 
of the vertical rod, which compensates for the weight of the rod and piatten, 
while the two form-tables balance each other on the vibrating frame; and thus 
jailing irregularities in the motion of the machinery is prevented. 

The second improvement consists of a printing press, or machine, with but 
one form-table, which is placed upon a frame, and made to vibrate between two 
plattens, placed in oblique positions, where impressions are given by each with 
such rapidity, that two or more feeding -boards, with the requisite web-rollers, 
are required to supply it with paper. This is a single printing machine, and 
there the sheet has to pass through it twice before the printing is completed. 
It diffei's, however, materially from the common printing machines ; it having 
two plattens, and a form-table placed between them on a vibrating frame, instead 
of running forwards and backwards on wheels, as is the case with the printing 
machines employed at the Times' office, and other machines made by Applegath 
and Cowper, 

Mr. VVayte’s third improvement consists in a new arrangement of inking- 
Tollers, by which he is enabled to diminish their number, and to effect a saving 
in the ink, by conducting the supply to such places only of the distributing- 
rollers as come in contact with the types : this is effected by causing the inking- 
rollers to pass over distributing blocks, which are made to correspond with the 
tjqies in the form, and supplied with ink by a transferring roller ; by this means 
the ink is supplied only to such parts of the rollers as come in contact with the 
types. This inking apparatus is equally applicable to the printing machines 
invented by Mr. Wayte, and to those of the usual construction. 

Mr. David Napier, of Fitzroy Square, London, a manufacturer of printing 
machinery, of great ability and experience, specified a patent in 1831, granted 
to him for “certain improvements in printing and pressing machinery, with a 
method of economizing power, which is also applicable to other purposes. 
There are four inventions contained in this patent, all having reference to the 
printing business, and calculated to increase its facilities; we therefore subjoin 
a brief account of them. ^ 

The y?r5^ is a printing machine, of the kind called a perfecting, or that which 
prints both sides of the sheet before it is delivered from the machine. There 
are two forms of type placed on the same traversing stage, so far apart that the 
distance between them shall be equal to the length of one of the forms. The 
sheet of paper to be printed is conveyed to the forms by endless feUs and guide 
rollers, in the manner usually adopted in the printing machines m^ufactured 
by Cowper and others. On the axes of the two rollers, which give me pressure 
to the paper while on the tvpe form, are fixed two wheels, with teeth extending 
only half round, each of which takes into racks fixed on the side of the form 
stage. The diameter of these wheels is equal, ^ and they are made exactly to 
correspond with the diameter of the rollers with which they move; they are 
connected together, and made to turn in different ciirections by means of a band 
passing over equal pulleys on each, and being so adjusted with respect to each 
other that the teethed half of the one shall be upwards while the teethed part 
of the other is downwards; and thus they will take into their respective racks, 
and cause the form to traverse backwards and forwards alternately. Ihis 
arran-^ement will be better understood by inspecting the opposite diagram. « a 
repres^'ents the two cylmders which ghe the impression, with spur-wheel teeth 
on half the circumferences, as shown at b h. These teeth take into the racks c e, 
which being connected with the form stage (///, communicating to it recipro- 
cating motion. The sheets of paper to be printed are receiving alternately 
from the feeding-tables at ef, and receive the first impression as they pass under 
the cylinder a ; whence following the course pointed out by the arrows, they 
pass around and receive ihe second, or completing impression, jn returning 




Mr, Napier’s second improvement applies to tlie inking part of the printing 
machines. It consists of a series of rods, jointed and connected together in 
the manner of the system of rods which constitute the parallel motion of a 
steam engine ; and these are applied to produce an alternating rectilinear 
motion to a frame carrying a set of inking rollers. This inking apparatus is 
suspended from a frame e.\tending over the type forms: and it is equally 
applicable to printing machines on a large or small scale, wh.ether actuated by' 
steam or any other first mover. 

The third improvement consists of a pair of pressure rollers for the purpose 
of pressing the sheets of paper after they have been printed, instead of using an 
hydraulic or screw-press, to give to printed paper the required degree of smooth- 
ness. The construction of Mr. Napier’s rolling-press does not materiall v differ from 
the rolling-press applied to bookbinding a few years ago by Mr. William Burn, 
of Kirby-street, and which has now nearly superseded (in London at least) the 
laborious and uncertain processes of beating, formerly practised by bookbinders. 
The rollers of the press patented by Mr. Napier are placed horizontally, with 
respect to each other, while those of the press introduced by Mr. Burn occupy 
a vertical position. 

The fourth invention described in this specification consists of a plan for 
equalizing the intermittent power of an alternating action, when applied to 
produce continuous rotatory motion. The power is to be applied by a lever 
similar to a pump-handle, which turns freely on a fi-ved axis or fulcrum ; at one 
extremity' near this axis is a click or pall, which takes into the teeth of a 
small ratchet-wheel attached to the axis of a box containing a coiled spring, 
with one end fixed to the axis, and the other to the circumference of the con- 
taining box : to this ho.x is fixed a toothed wheel, which takes into the teeth of 
a pinion, or on the axis or shaft, to be put into rotatory motion ; and thus the 
alternating action of the lever, which is only employed in winding up the 
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spring, is rendered efficacious in giving continuous rotatory motion to a pinion 
or spur-wheel, and hence to any s\'stem of machiner\^ to which it mav be 
applied. 

A patent for improvements in printing machines” was granted to R. Winch, 
of Shoe Lane, London, in 1831, which appear to us to be of importance, as 
they effect a considerable diminution of the quality of alternating matter, by 
which economy of power, and a saving of repairs are likely to result. The type 
form is made to rest stationary, while the inking-rollers are made to traverse 
forwards and backwards over it, receiving their supply from a ductor roller, and 
then passing over a distributing table, on which they have an end as well as a 
rotatory motion, that the ink may not accumulate upon them in ridges ; and 
they deliver the ink upon the types both in passing forwards and backwards. 
The friskct is attached to a slight traversing frame, which is furnished with a 
series of tapes, on which the paper is laid, so that the tapes may come in con- 
tact only with the spaces between the pages. This frisket frame moves upon 
on iron railway, and having received a sheet of paper to be printed, it is run in 
till it comes over the types and under the platten, being preserved at a little 
distance from the types by spring supports ; it is liberated by pieces pro- 
jecting from the platten, and yields to the pressure of the platten when brought 
down to give the impression- The frisket frame is furnished with conical steady 
pins, with small apertures in their tops for the reception of other steady pins, 
for regulating the register when the sheet of paper is reversed for completing. 
The motions of the various parts of this machine are produced in the order in 
which they are required through the medium of various levers, wheels, cams, and 
pulleys, possessing separately little novelty, but w'ell arranged to effect in com- 
bination the different and somewhat complicated motions of the machine : 
these, however, we have not deemed necessary to detail at length, as different 
forms of tliem may be used without abandoning the principle of the invention. 

PRISM, in Geometrj*, is a soh’d body, whose two ends are equal, similar, 
and parallel planes j and its sides connecting those ends are parallelograms. 

PRISM, in Optics, is a triangular prism of glass, which separates the rays of 
light passing through it in consequence of the different degrees of refrangibility 
that take place in different parts of the same ray. 

PROJECTILES. The laws of projectiles, or bodies projected by any iinpul- 
atmosphere, are identical with those by which the motions 
of bodies falling perpendicularly in free space are governed; so that when their 
relation is understood, a knowledge of tlie one necessarily leads to an acquaint- 
ance with the other. It is well known that if a body be under the influence of 
a single impulsive force, as a blow with a hammer, or the explosive force of 
gunpowder, its velocity will be uniform ; that is, it will pass over equal space 
in equal portions of time. It is also well known that a body falling freely in 
space falls with an accelerated velocity, so that the spaces fallen through in 
successive equal portions of time, con- 
tinually increase. Now, if we apply these 
facts to the case of a body projected 
through the air, we shall find the same 
laws to be preserved throughout. In 
the diagram, on the following page, if we 
suppose a body a projected horizontally, 
that is, in the direction a h, it would, 
if not acted upon by the force of gravity, 
proceed to describe the equal spaces 
® f and ^ J, in equal successive 
intervals of time. On the other hand, 
if we suppose the body simpiv to fall by 
its own weight, it, will fall through 
spaces equal to e h, fi, gh and hd, in 
exactly the same space of time which it 
would take to pass over tlie former 
spaces. Let us now suppose the two 
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motions to be simultaneous, then the body descending as much as c h while 
passing from a to e, would be found at h ; in passing from ef it would descend 
as far as i, and so on till it reached the point d. In this process it will be seen 
that neither the horizontal nor the vertical velocity is at all aifected by the 
action of the other. From the spaces c A, /«, ^ A-, and A <?, being as the squares 
of the distances a e, af a g, ah it is shown that the curve ahikd is a para- 
bola, whicli, in all cases, is the kind of curve described by bodies under the 
influence of two forces, such as we have been describing. The altitude to 
which any projectile would ascend, and the distance it would range in a vacuum 
are easily ascertained. Let A B 


be the height through which the 
projectile would ascend by the 
force impressed upon it at its 
outset, and A C the direction in 
which it is projected. Describe 
a semi-circle B D A ujion the 
line A B, and where the direction 
A C cuts the circumference, draw 
the line E D perpendicular to 
A B, then will E D he one-fom-th 
of the horizontal range, and E A 



the altitude to which it will 


ascend. If the horizontal range and the projectile velocity be given, the 
direction, so as to hit a given object, may be thus found. Take A G equal to 
one-fourth of A F, and draw G D perpendicularly to meet the circle, then will 
AD be the direction in which the projectile must he cast to strike an object at 
F. If the range A F and the direction A C are known, then the velocity that 
must be given is found by taking A G, equal to one-fourth of A F, raising the 
perpendicular G D, and drawing A B perpendicular to A F, till it meets D B, 
drawn perpendicular to A C ; then will A B be the altitude due to the projectile 
velocity. Since there may be two perpendiculars on the semicircle of equal 
length, there will be two different elevations that will produce the same range; 
and since the radius is the longest line that can be drawn in this way, the 
greatest range will be when the angle of elevation of the projecting machine is 
45°, or half a right angle, and in this case it will be just double the altitude due 
to the initial velocity. The time which the body would occupy in its flight is 
always equal to the time a body would take in falling through four times the 
height of the parabola which it describes. 

All the foregoing remarks apply only to the motion of bodies in a vacuum, 
and would therefore require great correction before they are applied in practice, 
except in particular cases. When used to regulate the discharge of large 
shells, or other bodies whose initial velocities do not exceed three or four hun- 
dred feet, they may be considered as tolerably accurate. But in cases of great 
projectile velocities, the theory is quite inadequate without several data drawn 
from many good experiments ; for so great is the effect of the resistance of the 
air to projectiles of considerable velocity, that some, which, in the air, range 
only between two and three miles at the most, would, in vacuo, range about ten 
times as far, or between twenty and thirty miles. 

PROTOXIDE. A term used in chemistry to denote the minimum of 
oxidisement. 


PROTRACTOR. An instrument used for protracting, or laying down on 
paper the angles of any figure. The protactor is commonly a small semicircle of 
brass, nicely divided it into 180 degrees; the ends of the arch are connected by 
a straight rule, the outside edge of which is the diameter of the circle, ft 
serves not only to draw angles on a plane, but likewise to examine those laid 
down. For this purpose, there is a small point in the centre or middle of the 
edge of the straight rule, which point, being placed upon the vertex of the angle 
and the edge of the rule, so as to coincide with one of the sides of the angle, 
the other line of the angle then cuts through the number of degrees marked on 
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the protractor, which is its true measurement. Protractors are now usually made 
in the form of a parallelogram, and graduated with diverging lines from a 
central point upon one edge, to the opposite edge where the degrees are 
marked- 

Mr. Twitchell’s improved protractor is stated in the Franklin Journal to con- 
sist of a circle, marked with the lines of sines, tangents, secants, semi-tangents, 
and chords. To the centre of the circle is annexed a scale of the shape of half 
a cross, agreeing with the line of chords on the circle, and marked on each 
limb with the line of equal parts. The cross limb of this scale consists of two 
parts ; to one of which is annexed a semicircle, marked with the line of chords, 
the other part turning on its centre, and agreeing with the line of chords on the 
semicircle, serving both as a protractor and scale. To the centre of the whole 
circle is annexed a small limb, agreeing with the line of chords on the circle, 
and extending over the scale, and serving as a secant to the circle. This scale 
exhibits the use of chords, sines, secants, and tangents, and the mode of apply- 
ing them to angles, giving the sides and chords of any triangle, and also its 
sine, tangent, and secant ; likewise latitude, departure, course, and distance. 
For drafting, this scale is particularly usefid; for in plotting, nothing more is 
required, than to turn the scale to the course, and mark the distance. The 
correctness of the description thus given of the instrument by Mr. Twitchell, is 
corroborated by the valuable testimony of the learned editor of the Journal, 
Dr. Jones, who remarks in a note, that the instrument, “ in addition to the 
purposes indicated,” will be found “particularly useful in teaching trigonometry, 
as it renders the relationship of the angles objects of sense.” 

PUMICE-STONE. A light grey-coloured substance, of a fibrous spongy 
texture, supposed to be formed from felspar, in volcanic fires, and thence ejected 
in a state of fusion. 

PUMPS. Machines for raising water and other fluids ; usually consisting of a 
tube or tubes, in which valves and pistons, or buckets, are made to operate, to pro- 
duce the efiect. Engines differently constructed, and particularly those upon a 
larger scale than ordinary pumps, are generally termed Hydraulic Machines, 
which we have already treated of under that head. The ordinary definition of 
pump is, “ a machine in which water is raised by the pressure of the atmo- 
sphere,” which accords with the prevalent but erroneous notion, that the atmo- 
sphere does of itself raise water to a height of thirty feet ; notwithstanding it is 
known to those who have considered the subject, that it does not, in fact, 
contribute in the sL'ghtest degree to raise it at all ; and that the same force is 
requisite to raise a pound of water a given height, as to raise a pound of lead, 
or of any other substance, through the same space. Of the evident truth of this 
fact, the reader, if a novice, will be satisfied upon reading our article on 
hydraulics or hydrodynamics, and by attending to the following description of a 

Common, or “ suction ” pump . — This pump consists of two hollow cylinders, a 
b and b d, placed one under the other, and communicating by a valve m, which 
opens upwards. The cylinder a 6 is called the suction pipe, and has its lower 
end immersed in the well, or reservoir, from which the water is to be raised. In 
the barrel b d a. bucket or piston p is moved, having a valve in it which opens 
upwards ; this piston should move air-tight in the cylinder. At i is a spout for 
the discharge of the water. Supposing the bucket to be at the bottom of the 
cylinder b d, and in close contact with the valve ii ; upon elevating it, the 
piston-rod is kept closed by the atmospheric pressure, and if the valve u 
were not permitted to rise, a vacuum would be caused between it and the 
piston, the elevation of which would then require a force equal to about 
15 lbs. multiplied by as many square inches as are in the section of the pis- 
ton. But the moment the piston begins to ascend, the elasticity of the air in 
the suction-pipe beneath opens the valve «, and the air rushing through, it 
balances part of the pressure on the piston. Now, if the water at a were 
not permitted to rist^ the air between the piston and the surface a would be 
rarefied by the ascent of the piston. It would, therefore, press against the 
lower surface of the water with a force less than the atmosphere ; but the 
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entire force of tlie atmosphere presses 
on the surface of the water in the well; 
and the diminished elasticity of the 
air in the suction-pipe not being a coun- 
terpoise for this, the water is necessarily 
pressed up into that pipe. The height 
to wliich the water will rise in the suc- 
tion pump will be proportioned to the 
length of the stroke of the piston p; 
but let us suppose it to have risen to 
the level of the dotted line e, there is 
then a compound column of air and 
water pressing on the level a ; namely, 
the column of water a e and the elastic 
force of the air in e b. These two toge- 
ther balance the atmospheric pressure 
on the external surface of the water 
in the well. It consequently follows, 
that the air in b e must be rarefied, 
since its elasticity falls short of the 
atmospheric pressure hy the pressure of 
the column of water ae. As a column 
of water about thirty-three feet in height 
balances the atmosphere, it follows that 
the elasticity of the air in be is equal to 
the pressure of a column of water whose 
height is equal to the excess of thirty- 
three feet above b e. 

At the next stroke of the piston, 
a further quantity of air is extracted, 
and the diminished elasticity under 
the piston causes the water to ascend 
to the level /, and the succeeding 
strokes raise it to the levels b and 
g. Hitherto, this machine has only 
operated as an air pump, but at the 
next descent of the piston, the water 
at g passes through the piston-valve, which closes and prevents its return ■ 
and upon the next ascent of the piston, the pressure of the atmosphere 
forces more water through the valve u. The succeeding descents and ascents 
are attended with like effects, until the water has reached to a level with the 
spout i, where it is discharged at every succeeding stroke afterwards. The 
force necessary to lift the piston is the weight of a column of water, whose 
height is that of the level of the water in the well, and whose base is equal to 
the section of the piston. This force, therefore, from the commencement of the 
process, continually increases, until the level of the water rises to the discharging 
spout i, and thenceforward remains uniform. 

As the common, or sucking pump, operates by the production of a vacuum 
within the working-barrel, by which the external atmospheric pressure is called 
into action, and forces the water of the well up the suction-pipe, it follows, 
that the piston, at its greatest elevation, should never exceed the height of 
thirty-three feet from the surface of the water in the well. 

Notwithstanding the common lifting pump, is incapable of raising water from 
more than thirty-three feet (in practice but thirty feet) below the place where it 
may be fixed, yet it may be made to deliver water at almost any required height 
above its piston, by the application of a continued straight pipe into the top of the 
working-barrel ah of the preceding figure. Thus, if we suppose twenty or thirty 
feet more of pipe to be so added to it, since the water once raised cannot 
pass downwards again through the piston valve, it must continue to rise with 
each stroke of the pump, until at length it will flow over the top of the pipe, or 
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through a spout inserted in any part of its side. In this case atmospheric 
pressure has nothing to do with the elevation of the piston, consequently it may 
he carried to any height that the strength of the pump, or the force employed, 
is capable of ; but the handle h, or any other contrivance by which the pump is 
worked, must he fixed at the top of the additional pipe, and the piston-rod 
equally extended, in order that the working-barrel may be kept within the 
limits of atmospheric pressure, which makes a pump thus arranged inappli- 
cable to very great depths, on account of the bending of the piston-rod. Where 
cast-iron pipes are used, this may in a great measure be prevented, by placing 
small pieces, with projecting arms of sufficient length to touch the inside of the 
pipe at each joint of the piston-rod, or about ten or twelve feet asunder, when 
this pump may be used for considerable depths with advantage. In using 
pumps to draw muddy or sandy water, it is always advisable to set the bottom 
of the pump in a close wicker basket, or other strainer, because sand and small 
stones very soon destroy the leather and working parts of any pump ; and 
when pumps are used for hot liquors, which is the case in many manufactories, 
thick hempen canvas must be substituted for leather, unless the valves and pis- 
tons are made entirely of metal, which is of course preferable. 

The forcing pump is generally employed in mines or in situations where it is 
required to draw water from great depths. Pumps of this kind act by com- 
pression instead of exhaustion. Although atmo- 
spheric pressure is not necessary to the construc- 
tion of forcing pumps, yet it is in most cases 
resorted to for raising the water, in the first 
instance, into the body of the pump where the 
forcing action commences and takes place ; and 
when so constructed, such pumps are usually 
called and force pumps ; and in all the machines 
of this description, the water may be raised to 
any required height, without any limit, consistent 
with the strength of the parts and the power at 
command. Forcing pumps do not differ mate- 
rially in construction from the common pump 
already described ; indeed, that pump, by a mere 
inversion of its parts, may be made into a forcing 
pump ; that is to say, placing the piston below, 
and the stop-valve and delivering-pipe above, as 
shown in the subjoined figure, where h h shows 
the inverted working-barrel, and i the inverted 
piston and rod, with a valve opening upwards ; I- 
is the stop-valve placed at the top, instead of the 
bottom, and also opening upwards into the rising 
pipe 1 1, which may be continued to any required 
height ; the lower end of the working-barrel is 
quite open, and must stand in, and be covered 
with the water it has to raise, so that no suction 
or feed-pipe is necessary to this pump; and the 
piston i may be worked by a frame o o, or in any other convenient manner. 
After the description already given of the common lift pump it will he needless 
to say anything of the action of this machine, as it is presumed the figure will 
render it sufficiently obvious. While the lower end of the working barrel h h is 
immersed in water, and the piston i moves upwards and downwards, the barrel 
will he filled through the piston-valve at each down-stroke, and at each iq)- 
stroke its contents will be expelled through the stop-valve k, into the ascending 
pipe 1 1 ; and whatever the diameter of this pipe may be, still its resistance will 
constantly be equal,to the weight of a column of water of the size of the work- 
ing-bairel, and of a height equal to the perpendicular altitude of the water in 
the ascending pipe ; for this pipe may be placed hoi’izontallv or obliquely-, so as 
materially- to alter its length : but it is the perpendicular height between tlie 
surface of the water to be raised, and its point of discharge, which must alone 
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be taken into account in estimating the load upon a pump ; since increase of 
length without height in the pipe produces no other resistance than that of fric- 
tion, which is easily overcome by increasing the capacity of the pipe. It may 
appear that the preceding pump is applicable to every purpose and to every situa- 
tion, such as raising water from muies and the deepest places ; but this is not 
the case, owing to the almost imperceptibly small elasticity of water, and the 
effects of the vis inertia, which belongs to fluids in common with solid matter. 
In working the pump shown in the last figure, if we presume the pipe ll to be 
full of water, that water has not sufiicient elasticity to permit the barrel h h to 
discharge its contents through the valve k, without putting all the water contained 
in 1 1 into motion, while, when the piston 
descends, that motion will be at an end. 

The water mil will therefore be in an alter- 
nate state of rest and motion ; and if the 
column is long, and its quantity great, the 
vis inertia will be very considerable ; that 
is to say, it will require a considerable exer- 
tion of force to get it from a state of rest 
into motion ; and when it has once begun 
to move, it will have no immediate tendency 
to return again to rest, but might be con- 
tinued in its motion with less force than 
that which was originally employed to move 
it. The descent of the piston, however, 
allows sufficient time for all the motion that 
was communicated to be completely lost ; 
and hence, in working this pump, we not 
only have the weight of the column to over- 
come, but the natural inertia to combat with 
at every stroke. This may, in a great 
measure be removed, by keeping two, or 
what is still better, three pumps constantly 
at work by a triple or three-throw crank ; 
and accordingly this expedient is generally 
resorted to in all small engines for throwing 
water to a great height, for by this means 
the water is never permitted to stand still 
in the pipes, but a constant flow or stream 
is maintained. No illustration is necessary 
to explain to the reader the combination of 
three pumps worked by a triple crank, 
each throw giving the alternating motion 
to one pump of the series, at equal dis- 
tances of time and space throughout the 
revolution ; but a mechanical arrangement, 
wherein a triple crank is employed to 
work one pump, containing three buckets 
alternating in the same working bairel, 
and producing the same effect as three 
pumps, seems to require the aid of graphic delineation ; accordingly, we annex 
a cut, in which the process of raising water is thus conducted ; it is the inven- 
tion of Mr. Downton, of Blackwall, and was the subject of a patent granted to 
him in 182(i. The figure in the margin may be called a front elevation, 
a portion ot the working barrel or cylinder being broken away to show the 
buckets, S;c. a is the uppermost bucket or piston, the rod of which i 6 is hol- 
low, and being connected to a bent arm d, it is thereby attached to one of the 
limbs of a revolving three-throw crank e. The middle bucket f has also a 
hollow rod y g, which, being of smaller dimensions than the former, slides freely 
through it, and is connected to the crank e bj- another bent arm h. The lower- 
most bucket i ha.s a solid rod 4 k which p.asses entirely tiu o-i '^h the hollow rods 
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of the other buckets, and is attached directly to the middle of the crank. 
Upon each of the limbs of the crank are placed anti-friction wheels, working 
in elliptical slots at the upper end of each rod, by which the attrition of the 
rubbing surfaces is considerably reduced. 

By this arrangement it will be seen that, on turning the crank by the winches, 
the buckets alternately receive and lift the water which has passed upwards 
through their valves. On raising the bucket i a vacuum is effected underneath, 
and the water rises from the main pipe /, and fills the lower part of the c} !!!!- 
der ; on the descent of i, the water is received above it through its valve ; while 
i descends, / rises, so that the water fills the space between the two ; on the 
re-action of the bucket i, more water is received into the ban'el from the main, 
while the upper bucket a operates upon the middle one f in the same manner 
as /has been described to operate upon i; thus, by the simultaneous alternating 
motion of the three buckets or pistons, the water is discharged in one contin- 
uous stream. Although this invention reflects credit upon the ingenuity of the 
inventor, we must be permitted to question its superiority over simjrler machines. 
It will be evident that the patentee’s object, (and, if we recollect rightly, it is 
stated so in his specification,) is to obviate the employment of an air vessel. 
But in doing this he has constnicted a machine quite as expensive, and has 
incurred a greater waste of power, owing to the friction that must take place in 
his concentric tubular piston-rods ; besides a greater liability to derangement by 
tbe multiplicity of parts. 

The forcing pump is made in two 
forms, suited to tbe situation and cir- 
cumstances under which it has to work. 

The [simplest construction is shown in 
the annexed cut. It consists of a truly- 
bored cylindrical working-barrel /, the 
top of which is quite open to admit the 
solid piston, which works it in a per- 
fectly air and water-tight state, by means 
of the lever or handle, or any other 
more convenient application of power; 
h is the feeding-pipe, dipping into the 
water to be raised, as in any other 
])ump, and this pipe may, of course, be 
made of any length under thirty-three 
feet ; k is the stop-valve covering the 
top of the feed-pipe, and permitting 
water to rise into the working-barrel as 
the piston ascends, but not permitting 
it to return again ; so that whenever 
the piston is raised by its handle, the 
barrel will be filled with water forced up 
the pipe A by atmospheric pressure ; and 
when the piston descends again, since 
there is no valve in it to permit the 
water to pass through it, it will be 
forced up the lateral pipe I (opening into the bottom of the working-banel), 
and through the valve m, which prevents its returning back again, so that it is 
constrained to find its way up the rising pipe p, fixed above the valve m ; and 
this pipe may be continued to any required height, without regard to the pres- 
sure of the atmosphere, since the ascent of the water does not depend upon its 
action, but upon the mechanical force that is applied to the handle to depress 
the piston. While the piston rises to fill the working-barrel, the valve m will 
be shut, and of coupe all motion of the fluid in the pipe p will cease, and 
hence the use of the air-vessel 7i ; for it will be seen that the pipe p is not 
joined on immediately above the valve m, but that it passes through the top of 
an air-tight copper, or other hollow vessel a, and proceeds nearly to the bottom 
of it. Air being a lighter fluid than water, will of course occupy the upper part 
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of this vessel ; and as soon as the action of the pump has filled it with water 
up to the line o o, or just above the lower end of the open pipe p, all air that 
is above the water will be confined, and unable to escape. If, now, the working 
of the piston be supposed to throw water more rapidly into the air-vessel than 
it can escape by the pipe p, it is evident that such confined air will be con- 
densed into less compass than it naturally occupies, in order to make room for 
the water j and as the elasticity of air is constant, and increases in power with 
its degree of condensation without limitation, so the spring of the air in the 
air-vessel will become a counterpoise or equivalent for any height to which the 
pipe p may be carried ; and although the water in the pump explained at 
page 357, would not admit of condensation so as to permit a fresh quantity of 
water to enter the ascending-pipe without putting all its contents into motion, 
yet the introduction of the air-vessel obviates this difficulty; for now the new 
quantity of water is not delivered into a former quantity of inelastic water, but 
into a vessel filled with air, which readily allows a change of dimensions ; and 
while the piston is rising, and projecting no water, the previously con- 
densed air in n has time to re-expand into its former volume, by expelling an 
equivalent quantity of water up the pipe pp ; and thus, if the air-vessel is 
large enough, a constant and equable current may be maintained. 

The annexed figure shows another 
form of the forcing pump, though this 
construction is generally called the lift 
and force pump ; its formation is the 
same as the last-described figure, except 
that the piston is not solid, but is per- 
forated, and covered by a valve opening 
upwards, as in the common lifting- 
pump ; the piston-rod q likewise moves 
in an air-tight manner through a stuff- 
ing-box, or collar of leather, on the top 
of the working-barrel, which, in this 
case, is closed ; and the lateral deliver- 
ing-pipe, with its air-vessel, proceeds 
from the upper instead of the lower part 
of the working-barrel. This pump not 
only has the stuffing-box, but three 
valves, instead of two, as in the last 
example : it is, consequently, rather 
more intricate and e.xpensive in its 
construction, with no other advantage 
than that it is rather more cleanly in its 
working ; for if the piston of the former 
pump is not quite water-tight, a quan- 
tity of water may flow over the open 
top of its working-barrel, which cannot 
be the case in this pump, if well made. 

, Their action is very nearly alike, for 
this last pump raises water through the 
suction-pipe k, by the elevation of the 
piston i ; on depressing the piston, that 
water passes through it by its valve, and 
gets above it to fill the upper part of the working-barrel ; on the re-ascent of 
the piston, the water, being unable to escape at the top of the barrel on account 
of the cover and stuffing-box x, is forced up the lateral pipe I into the air-vessel, 
and from thence passes away by the ascending-pipe k as before. When the 
water has risen in the air-vessel to the dotted line p o, so as to cover the lower 
end of this pipe, the air will be confined, and their operafions»must be alike. The 
air-vessel must be suited in its capacity to the magnitude of the pump or pumps 
that deliver water into it (for several pumps are frequently made to open into 
one common air-vessel), and ought, in all cases, to contain at least six or eight 
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volumes of the pump, in order that the increasing expansiv'e force of the air 
may not influence the motion of the piston during a single stroke ; hut for this 
no precise rule can be given, as the relative dimensions may vary to suit the 
circumstances of the case. These forcing pumps with air-vessels are now very 
generally adopted in water-works for supplying cities or towns ; and the height 
at which the water is at any time delivering, may be very nearly estimated if 
the air-vessel is large, and the supply equable, by examining the degree of con- 
densation of the air within it. This is very conveniently done by a gauge, 
consisting of a glass tube with a closed top, applied by a stop-cock to the lower 
part of the air-vessel, or that which is always filled with water ; at rs such a 
gauge is represented ; and as it has an open communication with the air-vessel 
when the cock s is open, the air in the top of the tube will suffer the same con- 
densation as that within the vessel. The height of the spaces occupied by air 
within the tube must be measured ; and as the air at its ordinary density will 
balance a column of water thirty-three feet, high, so if confined air is loaded 
with the weight of such a column, it will shrink, or be condensed into half its 
former bulk ; whenever, therefore, the air contained in the tube r is diminished to 
half its original length, the condensation within the air-vessel must be equal to 
two atmospheres : or, what is the same thing, the water in the pipe p must 
stand at the elevation of 33 feet. If the water in p is raised to twice 33 feet, 
or 66 feet, then the condensation within the air-vessel must be equal to three 
atmospheres ; and the air within it, as well as within the tube, will be diminished 
to one-third of its original bulk ; one-fourth of the bulk will indicate four 
atmospheres of condensation, and be equal to the elevation of the water column 
to 132 feet, and so on, more or less, as the barometer may vary. 

That useful machine, the fire-engine, or engine for extinguishing fires, is 
nothing more than two forcing-pumps, of the construction shown at page 358. 
working into one common air-vessel placed between them, and from which the 
spouting-pipe for directing the water upon the fii-e proceeds. The handles are 
so disposed, that while the piston of one pump is up, the other is down ; and 
they are elongated for the purpose of enabling a great number of men to work 
them at the same time, for the purpose of throwing a very large quantity of 
water, which is rendered a continuous stream by the action of the air-vessel. See 
Fike-Enoine. 

It is curious that the most ancient pump we are acquainted with, namely, that 
of Ctesibius, at least, as it is handed down to us, very closely resembles the 
present fire-engine, for it consists of two forcing-pumps, disposed as just 
described; but instead of discharging their contents into an air-vessel, they 
merely deliver them into an intermediate close cistern, from which the water 
ascends by a perpendicular pipe, and in which nothing is wanting but the con- 
densation of air. It must, however, be observed, that both the pumps last 
described would be forcing pumps, without their respective air-vessels ; and 
though they act much more advantageously with, they are sometimes constructed 
without those appendages. 

We now proceed to describe a pump with a double action, producing the 
same effect in its up as in its down-stroke ; the water being alternately raised 
and forced on the opposite sides of the piston ; that is to say, by the up-stroke 
of the piston, the water above it is forced out of it into an air-vessel, and, at 
the same time, the cylinder is re-charged by the water following the piston 
underneath ; then by the return or down-stroke, the water underneath is forced 
out, and it flows in above, ready for the repetitioii of the operation, and so on 
continuously. In the diagram on the following page, a represents a solid 
piston, its rod working air-tight in a stufling-hox b, fixed at the top of the 
pump-barrel c c. The water from the well, supposed to be not more than thirty 
feet deep, ascends into the vacuum of the pump by' the pipe r/, and is conducted 
by a branched pipe e f to the top and bottom of the barrel alternately, through 
valves g and k, which open inwards. On the opposite side of the working- 
barrel are two corresponding apertures, furnished with valves i and y, opening 
outwards, and conducting the water by a branch-pipe k I into a single tube m, 
leading into an air-vessel o, whence it is discharged by the tube p. In the 
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figure, the piston is shown as having 
nearly reached the bottom of the 
cylinder ; by the force thus exerted 
it has shut the valve h, and impelled 
the water through the valve j, the 
branch I, and pipe m, into the air- 
vessel 0 , where the elasticity of the 
air, pressing upon the surface of the 
water, has forced it up the pipe p. 

During this operation there has been 
a tendency to the production of a 
vacuum above the piston ; conse- 
quently, the pressure of the air, 
acting upon the surface of the water 
in the well, has compelled it to 
follow the piston in its descent, and 
to fill the chamber above ; after- 
wards, upon the ascent of the piston, 
the upward force shuts the valve g, 
and opens the valve i, through 
which the water is propelled along 
the branch k, pipe m, air-vessel o, 
and out of the pipe p. During this 
ascending stroke, the water from 
the well passing along and /, has 
opened the valve h, shut the valve 
j, and re-filled the barrel under the piston ; and thus the process is continued as 
long as the pump is worked. 

Mr. George Vaughan, of Mile-end Old Town, took out a patent in 1 830 for 
a double-acting pump, acting in a horizontal direction ; the principle of its 
operation may be readily understood after the description of the foregoing, and 
by comparing it to a high-pressure steam engine, with such difference only as 
to adapt it better to the pumping of water. The working chamber is either 
cylindrical or square ; but each end of it is considerably enlarged downward, 
where the valves that receive the water from the rising main are situated. The 
piston is solid and packed like those for steam ; the piston-rod passes through a 
stuffing-box at one end of the chamber, and is attached, at the farthest 
extremity, to a cross head, to which is connected two spear-rods. One of these 
rods passes on each side of the pump, and beyond the opposite end of it, to a 
crank, which is made to revolve in pluninter blocks (fixed to a suitable frame), 
and is turned either with a winch, by manual labour, or by any other suitable 
power. The motion thus described is, of course, nothing but the ordinary 
parallel motion. In order that the piston may not, by its weight, wear most on 
Us under side, the piston-rod is continued on both sides of it ; and beyond the 
range of the piston, the rod is supported by an anti-friction wheel ; thence the 
rod enters "a tubular case, closed at the furthest extremity to prevent the escape 
of the water, as it is not packed. The action of the pump is this : suppose, by 
the revolution of the crank, the piston to be moving to the right hand, a 
vacuum is produced on the opposite side of the piston, which causes the valve 
from the rising main to be opened by the pressure of the atmosphere, and the 
chamber is thereby filled with water. On reversing the’ stroke of the piston, or 
towards the left, the right-hand valve is opened from the rising main, and that 
end of the chamber filled with water, while the water which previously 
occupied the left end of the chamber is forced out by the piston through 
another valve on the upper side ; the succeeding stroke in like manner dis- 
charges the water in the right chamber, and fills that of the left, and thus the 
action is continuous. In the drawing attached to the specification, a large 
semi-cylindrical wheel is shown as fixed to the upper side of the pump, for the 
reception of the water delivered through the upper valves, and in the crown of 
tire arch is a pipe for conducting the water, if required, to a greater elevation. 

VOL. It. z 2 
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It would obviously have been better, had the patentee made the upper ppt of 
this vessel into an air-chamber, by causing the ascending-pipe last mentioned 
to dip nearly to the bottom of it. 

The annexed engraving is a representation of a pump constructed by Mr. 
Clymer, on the plan of the ingenious Benjamin Martin ; but the suction-pipe 
and the valves are so disposed as to retain any heavy bodies that may be raised 
by the pressure of the atmosphere acting upon the vacuum. 



The above perspective sketch shows that the rising main leads into a spacious 
valve-box, in connexion with two short and wide working-barrels, left open to 
the atmosphere. The piston-rods are attached to a lever, vibrating on a central 
fulcrum which is mounted upon a standard between the two cylinders ; and to 
this lever branching handles are united, to enable many hands to be employed 
in working it. The large volume of water discharged from the barrels at each 
stroke of the pump causes a constant powerful stream up the rising main, so 
that any globular substances nearly fitting it, as cannon balls, have no oppor- 
tunity to fall down by any intermission of pressure from underneath ; they con- 
sequently get lodged in the valve-box, and are ejected by the down-stroke of the 
pump. When employed as an engine to discharge water to a great height or 
distance, an air vessel is screwed on, as represented, and the nozzle is then 
plugged or capped, by which the current is directed through the air vessel. 

In drawing water from great depths, the weight of the pump-rods and the 
water together are sometimes more than can be easily accomplished by the 
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power at command ; in such cases we have occasionally observed, in country 
places, a very simple apparatus, simdar to that rLpresented in the following cut. 




employed to counterbalance the weight ot the rods. In this case, the pump- 
rod and handle is suspended to a wooden spring, of sufficient elasticity to 
sustain the weight of uie rods, and to require a part of the man’s force to 
depress the piston or bucket, in return for which the spring assists him in the 
pull upwards. Some persons would be apt to imagine that power was thus 
gained ; but a little consideration will enable them to perceive that it is only 
by a different distribution of the same force that the desired effect is produced. 

In Dr. Gregory’s Mechanics, vol. ii. is the fol- 
lowing description of a pump, with little friction, 
which may be constructed in a variety of ways 
by any common carpenter, without the assistance 
of a pump-maker or plumber, and which will be 
very effective for raising a great quantity of water 
to small heights, as in draining marshes, marl- 
pits, quarries, &c., or even for the service of a 
house. It is exhibited in the subjoined diagram, 
where abed is a square trunk of carpenter’s 
work, open at both ends, and having a little 
cistern and spout at top. Near the bottom there 
is a partition made of board, perforated with a 
hole e, and covered with a clack; ffff repre- 
sent a long cylindrical bag, made of leather or of 
double canvass, with a fold of thin leather, such 
as sheep-skin, between the canvass bags. This 
is firmly nailed to the board e, with soft leather 
between ; the npper end of this bag is fixed on a 
round board, having also a hole and valve. This 
board may be turned in the lathe with a groove 
round its edge, and the bag fastened to it by a 
cord bound tight round it. The fork of the piston- 
rod is firmly fixed into> this board ; the bag 
is kept distended by a number of wooden hoops, 
or rings of strong wire ff, ff, ff, &c. put into it, 
at a few inches distance from each other. It wiH be proper to connect these 
hoops, before putting them in, by three or four cords, from top to bottom, which 
will keep them at their ])roper distances; thus will^he bag have the form of a 
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barber's bellows or powder-puff. The distance between the hoops should be 
about twice the breadth of the rim of the wooden ring to which the upper valve 
and piston-rod are fixed. Now let this trunk be immersed in the water. It is 
evident, that if the bag be stretched from the compressed form which its own 
weight will give it by drawing up the piston-rod, its capacity will be enlarged ; 
the top valve will be shut by its own weight ; the air in the bag will be rarefied, 
and the atmosphere will press the water into the bags. When the rod is thrust 
down again, this water will come out by the top valve and fill part of the trunk. 
A repetition of the operation will have a similar effect ; the trunk will be filled, 
and the water will be discharged by the spout. 

Many attempts have been made to introduce pumps worked by a continuous 
rotary motion, and a great deal of ingenuity has been exercised to prevent that 
waste of power arising fi-om friction, with which they have all been more or less 
accompanied, but in a greater degree than the best reciprocating pumps. The 
reader who is solicitous for information on this point will find numerous descrip- 
tions of patented inventions of the kind in the Repertory, the London Journal, 
the Register of Arts, &c. ; but as none of them have, in our opinion, been yet 
brought to work so well as the reciprocating pump, we shall here add only one 
of those contrivances, which possesses as strong claims to notice as any of them. 
It was the subject of a patent granted to Mr. Robert Winch, of Battersea, in 
1826, and is delineated in the 
subjoined cut, which represents 
a vertical section. At a a is a 
cylindrical case of metal, the 
holes at the circumference being 
for the bolts, by which the cir- 
cular side-plates are secured to 
it ; 6 is the rising main pipe 
from the well ; kkk the water- 
way, and c the discharge pipe ; 
d is a circular box, turned round 
upon the hexagonal shaft in the 
centre by a winch outside. To 
the periphery of this circular 
box the flap-pistons g g g g are 
fixed by joints, and, as they 
revolve, they are successively 
closed as they come in contact 
with a “circular inclined plane ’’ 
ee, the under side of which forms 
a stop to the upward course of 
the water on that side of the 
cylinder. On passing the cun ed 
piece e, the pistons successively 
fall open, with their edges 
touching the interior surface 
of the pump case ; the water 
which has passed up from the 
main pipe through the valves i i, 
and occupied the spaces marked 
k k, is then carried forward by 
the pistons as they revolve, and 
is discharged in a continuous 
uniform stream at c. To pre- 
vent the pistons from striking 
violently against the cylinder, 
as they are turned against it by 
the resistance of the water, as 
well as to avoid hard rubbing in those parts, catch-hooks hh hh are employed, 
the action of which is too obvious in the drawing to require more explanation. 
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To facilitate the shutting of the flap-pistons, as they come in contact with the 
curved piece c, each of them have a second joint in the middle, which gives 
them great flexibility of motion. In another modification of this invention, the 
patentee employs a rotary vane for closing the flap-pistons or valves in suc- 
cession, instead of the curved stop described ; but this arrangement renders it 
necessary to have a toothed wheel fixed to the axis of the circular box, to work a 
pinion on the axis of the rotary vane, that the motion of the latter may exactly 
correspond with that of the pistons. Since it is impossible, when a pump is 
well made and is in good order, that the piston can move without displacing the 
water that is above or below it, according to the circumstances of its construc- 
tion, so, in all pumps that consist of cylindrical working-barrels and pistons, 
nothing more is necessary to ascertain the quantity of water they will deliver, 
than to calculate the solid or cubical contents of that part of the barrel in which 
the vacuum is produced, and to reduce it to some standard measure, and then 
to multiply this by the number of strokes made in a given time : thus, if a 
pump is nine inches diameter, and makes an effective stroke of about eighteen 
inches, such a cylinder will he found to contain 1134 cubic inches; and as 277J 
cubic inches make an imperial gallon, so four gallons will be equal to 1109 
cubic inches ; consequently, such a barrel will contain and throw out rather 
more than four gallons at every stroke ; and supposing this pump to make ten 
strokes in a minute, it would jdeld above forty gallons in a minute, or sixty 
times that quantity in an hour, and so on. This rule applies in every ease, 
whether the water is sent to a small or great elevation, because the piston 
cannot move without displacing the water in the barrel ; but a small allowance 
must be made for leakage, or waste, because some water will.constantly pass 
the piston and escape, or be otherwise lost and wasted. 

PUNCH, AND PUNCHING. A punch is a short, stout piece of steel, or of 
it on steeled, used for stamping out pieces of metal, so as to make perforations 
in iron or other plates, for the insertion of rivets, screws, bolts, &c. In punch- 
ing thick plates of metal, a powerful machine, consisting of a long and massive 
lever, worked by an engine, is generally used in considerable works ; but as 
such machines are only in the possession of the comparatively few who require 
work of the kind to be well and expeditiously done, a simple and cheaply-con- 
structed instrument for the purpose becomes an important appendage to the 
workshop ; and such an instunient we here present to the reader, which has 



been long and advantageously employed by Mr. J. R. Hill, of the Westminster 
Road. Fig- 1 shows a side view of the machine, fastened on an anvil a, by a 
cuttci-bolt b. Fig. 2, a biid’s-eyc view of the same. Fig. 3, a section of the 
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puncting-liole, showing a part cut out for the pieces to fall out ; jp is a plate 
to he punched ; the back end of the lower part of b is furnished with a T piece, 
each md of which is turned up and tapped for the reception of a centre screw. 
On these centre screws hangs the guide-arm c, which is also T shaped ; the 
other end of this guide-arm has a hole c, just the size of the point of the punch 
to be used : in order to bring this hole to coincide with the lower one, it is only 
necessary to lengthen or shorten the arm, by bending it a little more or less, 
and turning the screws a little either way, which must be granted is much 
easier than adjusting a punch sliding in square holes, guides, &c. The set 
screws are also furnished with a nut each, to set them fast when adjusted. The 
reason for making it so long is, that any width of plate may come inside the 
holes. It is scarcely necessary to add, that a common rod-punch is used with 
its point only filed up to fit the hole. 

PURLINES. Pieces of timber extending from one end of a roof to the other ; 
they pass under the middle of the rafters, which they support, and counteract 
their tendency to sink in the middle. 

PUTTY. A cement used by glaziers for fastening window-glass into the 
frames ; it is used also by carpenters and other artizans for stopping holes in 
their work : it is made by kneading whiting and linseed oil together into a stiff 
paste ; when dry it is verj’ hard and durable. ^ 

PUTTY, Powder of. An oxide of tin, much used in polishing glass and 
other hard substances. When tin is melted in an open vessel, its surface soon 
becomes covered with a grey powder, which is the oxide of the metal. If 
the heat be continued, the grey assumes a yellow tint, which is then called 
putty. 

PUZZOLANA. A kind of earth thronm out of volcanoes ; it is of rough, 
dusty, granular texture. It easily melts per se ; but its most important pro- 
perty consists in its forming a cement, when mixed with one-third of its weight 
of lime and water, which hardens very suddenly, and is more durable under 
water than any other cements. 

PYRITES. Native compounds of metal with sulphur. The principal in 
this country arc the sulphurets of iron, called martial pyrites, worked for the 
sake of the sulphur they contain ; the sulphurets of copper are worked for 
both the copper and the sulphur they contain. 

PYROLIGNEOUS ACID. See Acid Pyroligneous. 

PYROMETER. A machine contrived to measure the expansion of metals, 
and other bodies, occasioned by heat. Muschenbroeck was the original inven- 
tor of the pyrometer ; the nature and construction of his instrument may be 
understood from the following account. — If we suppose a small bar of metal, 
twelve or fifteen inches in length, made fast at one of its extremities, it is 
obvious that if it be dilated by heat it will become lengthened, and its other 
extremity will be pushed forwards. If this extremity then be fixed to the end 
of a lever, the other end of which is furnished with a pinion adapted to a 
wheel, and if this wheel move a second p'mion, the latter a third, and so on, it 
will be evident that ^by multiplying wheels and pinions in this manner, the last 
will have a very sensible motion ; so that the moveable extremity of the small 
bar cannot pass over the hundredth or thousandth part of a line, without a point 
of the circumference of the last wheel passing over several inches. If this 
circumference then have teeth fitted into a pinion, to which an index is attached, 
this index will make several revolutions, when the dilation of the har amounts 
only to a quantity altogether insensible. The portions of this revolution may 
be measured on a dial plate, divided into equal parts ; and by means of the 
ratios which the wheels bear to the pinions, the absolute quantity which a cer- 
tain degree of heat may have expanded the small bar can be ascertained ; or 
conversely, by the dilatation of the small bar, the degree of heat which has been 
applied to it may be determined. Such is the construction of Muschenbroeck’s 
pyrometer. It is necessary to observe, that a small cup is adapted to the machine, 
in order to receive the liquid or fused matters subjected to experiment, and in 
which the bar to be tried is immersed. When it is required to measure by this 
instrument a considerable degree of heat, such as that of boiling oil or fused 
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metal, fill the cup with the matter to be tried, and immerse the bar of iron into 
it. The dilatation of the bar, indicated by the index, will point out the degree 
of heat it has assumed, and which must necessarily be equal to that of the 
matter into which it is immersed. This machine evidently serves to determine 
the ratio of the dilatation of metals, &c. ; for by substituting in the room of the 
pyrometric bar other metallic bars of the same length, and then exposing them 
to an equal degree of heat, the ratios of their dilatation will be shown by the 
motion of the index. 

The most celebrated instrument for measuring very high temperatures, is that 
invented by the late Mr. Wedgwood, founded on the principle, that clay pro- 
gressively contracts in its dimensions, as it is progressively exposed to higher 
degrees of heat. He formed white porcelain clay into small cylindrical pieces, 
in a mould, which, when they were baked in a dull red heat, just fitted into the 
opening of two brass bars, fixed to a brass plate, so as to form a tapering space 
between them. This space is graduated, and the farther the pyrometric guage 
can enter the greater heat does it indicate. The limits of the converging scale are 
five-tenths of an inch at the beginning towards the opening, and three-tenths at 
the end, or towards the line to which the bars converge. The next thing to he 
done, was to ascertain and establish a connexion between the indications of his 
instrument and those of the mercurial thermometer; to accomplish this, he 
employed a heated rod of silver, of which he measured the expansion. The 
clay piece and the silver rod were heated in a muffle, and as soon as the muffle 
indicated a low red heat it was drawn forward towards the door of the oven ; 
and its own door being then nimbly opened by an assistant, Mr. Wedgwood 
pushed the silver rod as far as it would go. But as the division to which it 
reached could not be distinguished in that ignited state, the muffle was steadily and 
cautiously lifted out, and left to cool. 'WTien the muffle was sufficiently cold to be 
examined, the degree of expansion at which the sUver stood was carefully noted, 
and the degree of heat shown by the clay pieces was measured by their own 
guage ; after which, the whole was returned into the oven, and exposed to a 
more intense heat, in order to obtain another point of correspondence between 
the two scales , the graduated silver rod serving as an intermediate scale, with 
which Wedgwood’s and Fahrenheit’s might be readily compared. The first of 
these points of crjrrespondence was 2^0 of Wedgwood’s, to 1370° of Fahren- 
heit’s; the second was 6i° of Wedgwood’s, to 1890° of Fahrenheit’s. Hence, 
because 6i — 24 = 4, and 1890 — 1370 = 520, it appears, that an interval 
of 4 degrees on Mr. Wedgwood’s instrument is equivfflent to 520 degrees on 
that of Mr. Fahrenheit’s, and consequently, that 1 degree of the former equals 
130 of the latter, and the zero (or o) on Wedgwood’s scale corresponds with 
1077 and a fraction on Fahrenheit’s. Hence, we have the means of reducing 
the degrees at any point of one scale, to the corresponding degrees on the 
other, through the entire range. Mr. Wedgwood’s instrument includes an 
extent of about 31,200 of Fahrenheit’s, or about 50 times that between the 
freezing and boiling points of mercury, by which points the performances of 
mercurial thermometers are necessarily limited. Also, if we conceive Mr. 
Wedgwood’s scale to be extended downwards below his zero, as Fahrenheit’s is 
supposed to extend upwards above the boiling point of mercury, the freezing 
point of water will fall on 8°. 421, or somewhat above 84 ° below the zero of 
Wedgwood’s scale, and that of mercury on 8°.596, or a little below 8^° ; so 
that the distance between the freezing points of mercury and water is an inter- 
val of .175 of a degree on Wee^wood’s scale; 8° and a decimal from the freezing 
point of water to complete ignition ; and 160° is the highest point or degree ot 
heat to which our mgenious philosopher was able to extend his observations. 

“ Since dry air,’’ observes Dr. Ure, “ augments in volume three-eighths for 
180 degrees, and since its progressive rate of expansion is probably uniform by 
uniform degrees of heat, a pyrometer might easily be constructed on this prin- 
ciple : — form a bulb and tube of platinum, of exactly the same form as the 
thermometer, and connect with the extremity of the stem,* at riglit angles, a 
glass tube of uniform calibre, filled with mercury, and terminating below in a 
recurved bulb, like that of the Italian barometer. Graduate the glass tube into 
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a series of spaces equivalent to three-eighths of the total volume of the capa- 
city of the platina bulb, with three fourths of its stem. Tlie other fourth may 
be supposed to be little influenced by the source of heat. Ou plunging the 
btdb and two-thirds of the stem into a furnace, the depression of the mercury 
will indicate the degree of heat. As the movement of the column will he very 
considerable, it will be scarcely worth while to introduce any correction for the 
change of the initial volume hy barometric variation ; or the instrument might 
be made with the recurved bulb sealed, as in Professor Lesslie’s difierential ther- 
mometers. The glass tube may be joined by fusion to the platina tube. Care 
'must be taken to let no mercury enter the platinum bulb. Should there he a 
mechanical difficulty in making a bulb of this metal, then a hollow cylinder, of 
half an inch diameter, with a platinum stem, like that of a tobacco pipe, 
screwed into it, will suit equally well. 

A very convenient pjo-ometer for ascertaining the relative expansibility of the 
various metals that can be drawn into wire, was contrived by Mr. Gurney, 
which he employed in his chemical lectures. It is represented in the subjoined 
cut. a represents a wire of the metal to be examined, attached at the lower 
end to a peg fixed upon a piece of board ; on thb board is also a series of 
little pulley-wheels, turning freely on their axes, and aroimd the peripheries of 
these wheels the wire is carried to the uppermost, whence it is conducted out of 



the vessel, and over a small central wheel b, of a circular ^aduated scale, and 
with a weight c tied to this end of the wire, which keeps it in a state of tension. 
Thus prepared, the apparatus is immersed in a vessel Jof water, or other fluid, 
heated to the desired temperature within their capability, which is determined 
by a thermometer placed therein. The expansion which then takes place is 
accurately denoted by the index e pointing it out upon the graduated circum- 
ference, the index turning round as the elongation takes place. Upon abstract- 
ing the heat, the wire contracts and draws back the wheel and index to its 
previous position. An instrument of this kind, carefully constructed, and with 
a smaller central wheel b, would, without doubt, show the expansibility of the 
ductile metals with great exactness, and veiy satisfactorily, as the wire may bo 
of great length, be woimd round a large number of pulleys, so as to cause an 
obvious elongation of an inch or more. 

PYROPHORUS. An artificial product, which takes fire upon exposure to 
the air, and hence oalled air-tinder. It is prepared from alum by the addition 
of various inflammable substances. The simplest mode of preparing it is to 
mix three parts of alum with one of wheat flour, and calcine them in a phial or 
mattrass. until the blue flame disappears ; then keep it in the same phial till 
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C(/ld, well stopped with a good cork. In this powder be exposed to the atmo- 
sphere, the sulphuret attracts moisture from the air, and generates sufficient 
heat to. kindle the carbonaceous matter mingled with it. 

PYROTECHNY is, properly speaking, the science which teaches the 
management and application of fire in various operations ; but in a more limited 
sense, and as it is more commonly used, it refers chiefly to the composition, 
structure, and use of artificial fireworks. The ingredients are, 1. saltpetre, 
purified for the purpose ; 2. sulphur ; and 3. charcoi. Gunpowder is likewise 
used in the composition of fire works, being first ground, or, as it is technically 
termed, mealed. Camphor and gum heuzoin are employed as ingredients in 
odoriferous fireworks. The proportions of the material differ very much in 
different fireworks, and the utmost care and precaution are necessary in the 
working them to a state fit for use, and then in the mixing. In this work w'e 
cannot enter on the subject with a sufficient degree of minuteness to teach the 
method of manufacturing fireworks, and shall therefore content ourselves with a 
brief notice of the proportions of the materials in some of the more common 
and more interesting articles in use. The charges for sky-rockets are made of 
saltpetre, four pounds ; brimstone, one pound ; and charcoal, one pound and a 
half; or by another direction — saltpetre, four pounds ; brimstone, one pound and 
a half ; charcoal, twelve ounces ; and mealed powder, two ounces. These pro- 
portions vary according to the size of the rocket ; in rockets of four ounces, 
mealed powder, saltpetre, and charcoal, are used in the proportions of 10, 2, 
and 1 ; but in verj' large rockets, the proportions are saltpetre, 4 ; mealed pow- 
der and sulphur, 1 each. When stars are wanted, camphor, alcohol, antimony, 
and other ingredients are required, according as the stars are to be blue, white, 
&c. In some cases gold and silver rain is required ; then brass-dust, steel-dust, 
saw-dust. See. enter into the composition ; hence the varieties may be also inde- 
finite. With respect.to colour, sulphur gives a blue, camphor a white or pale 
colour; saltpetre, a clear white yellow; sal-ammoniac, a green; antimony, a 
reddish ; resin, a copper colour. 


Q. 


QUADR.4NGLE. A figure containing four angles and four sides. 

QUADRANT, in Geometry, the quarter or fourth part of a circle, and 
therefore containing an angle of 90 degrees. 

QUADRANT also denotes a mathematical and optical instrument, of 
great use in navigation and astronomy, for taking the altitude of the sun and 
stars. 

QUADRAT, in Printing, is a piece of metal cast like the type, to fill up 
the spaces betw'een words ; they are made of different sizes, called by the space 
they occupy, as m quadrats, n quadrats, &c. 

QUARRY. A cavity or opening made by miners in rocky ground, from 
which are procured marble, freestone, slate, limestone, or other materials ; one 
of which, in the island of Jersey, is represented in tire subjoined cut ; from 
whence is obtained large quantities of stone for the London pavements. It is 
of essential importance that such works should be situated close to the sea, or a 
river, or canal, for the convenient and cheap transport of the heavy product, as 
it is the cost of carriage which constitutes its chief cost. The mode of sepa- 
rating the stone from the rock differs according to its natural formation; but in 
granitic and other hard rocks of continued solidity, the process, though appa- 
rently difficult, is extremely simple, as it consists chiefly is boring holes with 
various instruments, (which have been described, as well as the process, under 
the word Blasting ;) then ramming into the hole a charge of gunpowder, 
laying a train to it, firing the train, and retreating to a distance or under an 
overhanginn- cliff to avoid the stones which are thrown up by the explosion. 
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The holes are made from one to three feet in depth, and generally about IJ 
inch diameter ; but these, as well as the position and direction of the perforation, 
and also the charge of the powder, are subject to the skill and discretion of the 
miner. The rules by which he is guided are, to direct the effort of the explo- 
sion to a part of the rock which is most easily displaced, and to proportion the 
charge to the effect required, so as to shake and loosen a larger portion rather 



than to blow out a less quantity. The danger of beating the tamping bar with 
iron tools in hard rock, and the many dreadnd accidents that frequency happen 
in this operation, have led to the introduction of contrivances to diminish the 
risk ; but though some of these have been well adapted for the purpose, yet, as 
they occasion a little more trouble, they have not been generally adopted by 
the miner. The simplest and best precaution against danger, is to have the nail 
of copper, instead of iron ; but as the former is not so easily made or repaired 
by the smiths on a mine as the latter, they are not so well liked by the workmen. 
Another mode of preventing danger in tamping, is by employing substances 
to confine the gunpowder which require little or no force in beating them into 
the hole ; and as dry sand will often serve the purpose if the rock is not very 
hard, it may be sometimes used; but there are many cases in mines where it 
will not succeed, and therefore it is seldom attempt^. A better substance to 
confine gunpowder in holes, is good tough clay, and this will answer in mapy 
cases where sand will fail, particularly in wet ground, or in holes that are in- 
clined upwards ; it will produce the proper effect in all but very hard rocks, and, 
if the men could be induced to use it, would undoubtedly tend to the saving of 
many lives. 

An instrument, denominated by the inventor, the "Miner’s Safety Fuse,” was 
patented in 1831 by Mr. Bickford, of Tucking Mill, Cornwall; which may be 
briefly described as consisting of a minute cylinder of gunpowder, or other 
suitable explosive mixture, enclosed within a hempen cord, which is first twisted 
in a peculiar kind of machine, then countered or overlaid to strengthen it, after- 
wards varnished with a mixture of tar and resin, to preserve the combustible 
matter from the effects of moisture, and finally coated with whitening, or other 
light pulverulent matter, to prevent the varnish from sticking to the fingers, or 
the fuses to one another. These fuses appear, from the specification, to be very 
judiciously and accurately prepared, and will, we doubt not, be found of great 
utility in mining operation*. 

For facilitating the operation of boring rocks, a patent has lately been taken 
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out in the United States of America, which is thus described in tlie Journal of 
the Franklin Institute. “ A frame is made, in the centre of whiclt an iron shaft 
or rod is caused to rise and fall vertically between friction rollers, so placed as 
to keep it in its position. In the lower end of this shaft, a socket is formed, to 
receive drills of different sizes. Provision is made for placing the machine 
vertically, by sliding pieces upon each of its four legs, which serve to lengthen 
them as may be necessary. The apparatus for woiking the shaft up and down, 
is formed as follows: a circular plate of iron, about a foot in diameter, has a 
hole in its centre, provided with a socket adapted to the iron rod or shaft, and 
capable of being secured at any part of it, so that the plate will stand horizon- 
tally. At a little distance from the periphery of this plate, an iron spindle 
crosses the frame ; upon this spindle are lifters, which, as it is turned by a 
crank, come in contact with the lower side of the plate, and raise the shaft ; 
friction rollers are contained within the lifters, to cause them to slide easily upon 
the plate, and their action is so managed as to produce a small revolnticn of the 
plate, and consequently of the drill, at every lift.” 

The term quarry is likewise given to a variety of neatly formed bricks, tiles, 
and stones, with very level surfaces, and of diversified colours ; which are em- 
ployed in many parts of England, as well as other countries, for making plain 
and ornamental flooring. The perforated tiles employed in malt-kilns, some 
kinds of drying stoves, and for various other uses, receive this denomination. 
An improvement in the construction of quarries, applicable to kilns for drying 
malt, wheat, and other grain, was lately patented by Mr. Henry Pratt, (a gentle- 
man of great skill and knowledge in such subjects,) of Bilston, in Staffordshire ; 
the peculiarities of which may be thus briefly explained. Instead of the usual 
conical openings, terminating in small circular apertures in the flooring of grain 
kilns, Mr. Pratt forms his quarries for such purposes of cast-iron, in pre- 
ference to baked clay, having oblong slots or openings at the tops of rectan- 
gular tapering holes, whicli are designed for the escape of the heated air. He 
casts his quarries with strengthening bars projecting from their lower sides, and 
these bars form the sides of the tapering channels, as well as give suflicient 
strength with a less quantity of material than is required when the quarries 
are made of an uniform thickness. 

QUARTATION. An operation by which the quantity of one thing is 
made equal to the fourth part of the quantity of another thing. Thus, when gold 
alloyed with silver is to be parted, we are obliged to facilitate the action of the 
aquafortis by reducing the quantity of the former of these metals to one-fourth 
part of the whole mass ; which is done by sufficiently increasing the quantity 
of the silver, if it be necessary. This operation is called qiiartation, and is pre- 
paratory to the parting ; and even many authors extend this name to the opera- 
tion of parting. 

QUAilTZ. A mineral of the flint genus, which is divided into five sub- 
s])ecies by Professor Jameson ; namely, the amethyst, the rock-crystal, milk 
quartz, common quartz, and prase. 

QUICKLIME. A hot caustic substance, employed in the composition of 
mortar for buildings; by farmers, as a manure; by bleachers, tanners, sugar - 
bakers, soap-boilers, mid iron-masters, in the preparation of various manufac- 
tures; and also in medicine. Quicklime is obtm’ned from chalk, marble, lime- 
stone, oyster-shells, &c. by expelling from them, by means of heat, the carbonic 
acid and water with which they are combined. The quantity of quicklime 
obtained from a ton of limestone, if weighed when hot from the kiln, is on an 
average, according to the experiments of Bishop Watson, 1 1 cwt. 1 qr. 4 lb. By 
exposure to the air ^so, a ton of quicklime acquires daily the additional weight 
of about one twentieth part of itselj) for the fii^t five or six days after it is 
drawn ; and therefore, the earlier it is used the better. Quicklime, to be reserved 
for chemical or medicinal uses, should be kept in bottles wjll stopped. 

QLICK-MATCH. A combustible preparation, formed of cotton strands, 
drawn into length, and dipped into a boiling composition of vinegar, saltpetre,’ 
and mealed powder. After this immersion, it is taken out hot, and laid in a 
trough, where some mealed powder, moistened with spirits of wine, is thoroughly 
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incorporated into the twists of the cotton, b)' rolling it about therein. They are 
afterwards taken out separately, drawn through mealed powder, and hung 
upon a line to dry. They are then fit for service. 

QUICKSILVER. See Mercury. 

QUILLS. The largest feathers taken from the wings of geese, swans, crows, 
and other birds. The different quabties are denominated according to the order 
in which they are fixed in t'l e wing ; the second and third quills being the best 
for writing, as they have the largest and roundest barrels. Crow-quills are 
chiefly used for drawing. The goose-quill.s are those in general use for writing. 
These are cleansed and hardened by placing them one by one in a clear fire, so 
as to soften them merel}', and then drawn under an iron edge, which nearly 
flattens them for the instant, but they immediately after return to their cylin- 
drical figure. 

QUININE. A vegetable alkali obtained from cinchona (bark.) It is pro- 
cured by the following process : a pound of bruised bark is boiled in about a 
gallon of water, containing three fluid drachms of sulphuric acid. A similar 
decoction is repeated with about half the quantity of liquid, and so on till all 
the soluble matter is extracted. The decoctions are then mixed together and 
strained, when powdered slaked lime is a Ided in a proportion somewhat greater 
than necessary to saturate the acid ; the precipitate that ensues, a mixture of 
quiniqe and sulphate of lime, is collected, dried, and boiled for some minutes in 
strong alcohol, which is then decanted while still hot, and fresh portions succes 
sively added for the repetition of the same operation, until it ceases to act on 
the residuum, which is then merely sulphate of lime. The difierent alcoholic 
solutions are then put into a vessel, and considerably evaporated; during which, 
and especially on cooling, transparent plates of qtiinine are deposited. It is 
very insoluble in water, and its taste is very bitter. It unites with the acids, 
forming crystallizable salts. The sulphate is of a dull white colour, silky and 
flexible : it is, like the alkali, soluble in alcohol ; and burns away without leaving 
any residuum. M. Pelletier and Caventon state its component parts to be 


Quinine 100 

Sulphuric acid 10.9147 


The acetate is remarkable for the manner in which it crystallizes. Its 
crystals are flat needles of a pearly lustre giou.;ed in silky bundles;, or in 
stars. 


R. 


RACE. The canal along which the water is conveyed to and from a water 
wheel. 

R.\CK. A straight bar, which has teeth or cogs similar to those on a 
toothed wheel. 

RADICAL. That which is considered as constituting the distinguishing 
part of an acid, by its union with the acidifying principle, or oxygen, which is 
common to all acids. Thus sulphur is the radical of sulphuric acid. 

RADIUS. In Geometry, the semi-diameter of a circle, or a right line drawn 
from the centre to the circumference. It is implied in the definition of a circle ; 
and it is apparent, from its construction, that all the radii of the same circle 
are equal. The radius is sometimes called, in Trigonometry, the sinus lotus, 
or whole sine. 

RAFT. A float formed of an apemblage of pieces of timber fastened together, 
or the convenience of transporting them without dispersion ; or for sustaining 
goods in ttcinsport ; afid some times for the saving of the lives of persons shi pwrecked . 
v took out a patent for a raft for transporting 

f’u ^ ®'’"®tvuction of which is described in the specification to be as 
o ows . The keel, stern-post, and lowest timbers of the ribs, are to be formed 
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and put together according to the usual way of constructing an ordinary ship. 
To form the bottom, balk timbers are to be laid together, side by side, length- 
ways of the vessel; and athwart these, others are to be closely laid, cutting their 
ends to suit the figure, then bracing the upper and lower timbers together. In 
this manner the lower parts of the vessel are to be formed, by packing the 
timbers crosswise closely, and connecting them by bolts and screws, leaving 
proper spaces open for slipping in the masts. In the upper part of this raft, 
suitable berths and cabins are to be provided for the navigators ; the outside is 
to be planked all over, and caulked, pitched, and tarred in the usual manner ; 
the masts and rigging are also to be of the ordinary kind. This account is 
undoubtedly descriptive of a method of constructing a good mercantile raft, 
but the novelty of the principle of its construction we do not discover. 

Much ingenuity has been exercised in the construction of life-rafts in cases 
of shipwreck, amongst which we may notice that of Mr. Canning, constructed 
of water barrels and spars, so arranged that the parties on board are suspended 
on a platform high above the water to a horizontal yard-arm, preserved and 
supported in that position by cross spars, to which are attached the floating 
barrels. 

RAFTERS, in Building, are pieces of timber, which, standing in pairs 
on the railing piece, meet in an angle at the top, and form, as it were, the ribs 
of the roof. 

R-YCSTONE. A species of blue stone with a sharp grit, employed for 
sharpening knives and coarse instruments upon. It is abundant in Kent, at 
Newcastle, in Northumberland, and at Rowley, in Staffordshire. 

RAILWAY or Railroad, and Tratnroad ; are narrow tracks of rails, or 
plates of iron, wood, or other tenacious material, made with very smooth or 
level surfaces, and laid down with great solidity and truth, to the required 
planes ; so that the Wheels of carriages may meet with the least resistance 
that is practicable in rolling over them, and thus reduce, as much as pos- 
sible, the power required to move a given load ; or to move the greate.st 
load by a given power ; or to move a given load at the highest velocity. ILail 
and tramroads, however, form only one part of the machinery of transport ; 
the carriages which roll over them are expressly designed and fitted for that 
peculiar office, and are also an essential part of the same mechanism. It is, 
therefore, not our intention to separate them (as is usually done,) into distinct 
subjects, but to treat of them in their combined and only useful state. For 
the same reasons we shall include, under this article, descriptive accounts of the 
various locomotive carriages for the common road; because these machines 
require onR- a slight alteration in the tire of their wheels, to adapt them to 
railways : and those of our readers who, for want of sufficient consideration of 
the subject, may have formed an unfavourable opinion of their capabilites, 
owing to their sluggish pace in passing over loose or hilly ground, would 
be amazed at the velocity of motion and power of draught they would achieve, if 
transferred to a railway. It has been ascertained, that the resistance to the 
inotion of a carriage upon a goad railway, is not more than a tenth part of that 
upon a well-made common road; consequently, a carriage that is capable of 
merely dragging itself along the latter, would draw many times its own weight 
at a much greater velocity on the former. 

The ardour and spirit with which the people, not only of our own favoured 
countrj’, but those of Europe, and the more enlightened portion of those of 
Asia, Africa, and America, have set about improving their internal communica- 
tions, by the adoption of iron railroads, render every circumstance relating to 
them, that has in the slightest degree contributed to their present excellence, an 
object of deep interest ; not only to the philosopher and the mechanic, but to 
the thinking part of the public generaUy. The two former are quite sensible 
that, notwithstanding all that has been effected, much mote is left that will be 
accomplished; and that only a little more practical experience is requisite, to 
enable us to donhU our present locomotive power. \ iewing the subject in this 
light, it is our intention to give an historical account of all the numerous inven- 
tions that have any bearing upon the subject, and c^iccially stich as have been. 
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or are now, protected bj' patent-right ; in order, First, that engineers and inven- 
tors may be informed of the precise nature and extent of those improvements 
for which exclusive privileges have been fairly acquired by patentees ; Second, 
tliat the inventions of the latter may be fostered and encouraged by public adop- 
tion, as far as they may be meritorious and beneficial ; Third, that such propo- 
sitions as are erroneous in principle, or inefficient in operation, may be corrected 
and improved upon ; Fourth, that “ honour may be given to those to 
whom honour is due for in this line of invention there has been an unusual 
degi'ee of deceitful quackeiy, and consequently of gross injustice to original 
inventors ; to right whom, in the public estimation, no other advocacy is 
necessary, than a simple chronological statement of public documents, the 
authencity of which is unquestionable, and which we propose to give in the 
following pages. 

The earliest account we have of the introduction of railways, is in the “ Life of 
the Lord Keeper North,” from which it appears that about the year 1670, they were 
made use of at Newcastle-upon-Tyne, for transporting coals from the mines to the 
shipping in the river Tyne. At that time, co^ came generally into use as a sub- 
stitute for wood fuel in London, and other places to which there were easy means 
of transport by sea. But the greatest difficulties were experienced at the mines in 
conveying the coals from them to the ships in the Tyne. Previous to the erec- 
tion of these railways, it was no uncommon thing for the occupiers of the mines, 
to employ five or six hundred horses and carts each, in the same traffic. It 
therefore became an object of vast importance to adopt some plan of reducing 
the very great expense incurred in the keeping of so many horses and drivers, 
wear and tear of carts, and the making and repairing of roads. After giving 
the subject much consideration, wooden rads, consisting of straight pieces of 
timber, were laid down and embedded in the road. These were found so advan- 
tageous at Newcastle, that they were speedily copied at other mining districts, 
and remained in use for a considerable period of time. The mode of con- 
structing these rude railways has been thus described. “ Plots or slips of 
ground, of the breadth required for the railway, were marked out, extending 
from the pits to the river, and either leased or purchased by the owners of the 
coal works. In some cases it wtis found necessary to make a considerable 
variation from the direct line, in order to obviate the inequalities of the ground, 
and to obtain the most regular and easy descent. And in other cases, where 
these inequalities were inconsiderable, the roads were carried straight forward, 
and a regular slope obtained by embankments and cutting. After the ground 
had been levelled and smoothed, as in the formation of an ordinary road, 
sleepers, composed of large logs of w'ood, and cut into lengths corresponding 
with the breadth of the road, were laid across it, at short distances, and firmly 
bedded into it, for the purpose of supporting and keeping fast the rails on which 
the waggon-wheels were to run. The rails were connected end to end, forming 
two continued lines, running in a parallel direction on each side of the road, 
and crossing the large logs at each of their extremities which formed the foun- 
dation for them to rest upon, and to which they were nailed, or otherwise secured, 
to keep them in their places. These rails were of course very imperfect, and 
were rapidly worn away, or broken, by the continued friction of the wheels upon 
them. In order to repair or reconnect them when their continuity or evenness 
was destroyed, slips or pieces of timber of a smaller scantling were laid over the 
dilapidated portions ; and the strength which the latter thus derived, led to the 
introduction of double-rails -t*' provement was dis- 
tinguished by toe term of a : -.of the former plan, 

afterwards denominated the ■■ single-way. 1 He advantages of the double-way 
chiefly consisted in the circumstance that the upper, or coverin'^ rail, might be 
completely worn out and renewed, without destroying or materially ’disturbing 
me substracture. The annexed description of these double-ways is obtained 
rrom Mr. Wood’s valuable work on railways. The subjoined figure exhibits a 
Slue elevation, a a are the rails fastened down upon the cross sleepers bbbb, 
similar to those of the single-way (which it represents) ; a a the upper rails laid 
upon rhe other, and firmly secured to them fay wooden pins, in the same manner 
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as the other are fastened to the sleepers. In the single way, the joinings of 
the rails are necessarily upon a sleeper, as shown at c c; but in the double-way 
it is not so, for, being fastened down upon the surface of the under rail, 
which in every part presents a proper bearing, they can be secured 3113- where 
upon it ; dd show the joinings of the upper rail, which are midway between the 



sleepers, but which can be raised at pleasure. This prevents the under rail from 
being destroyed by the frequent perforation of the pin-holes in receiving the 
upper or wearing rail, and saves the waste of timber occasioned by use of the 
single-wa)'. 

The sleepers in this description of road were generally formed of young sap- 
lings, or strong branches of the oak, obtained by thinning the plantations, and 
were six feet long by five or six inches in thickness, and about the same breadth. 
At their first introduction, the under rail was of oak, and afterwards of fir, 
mostly six feet long, reaching across three sleepers, each two feet apart, and 
about five inches broad on the surface, by four or five inches in depth. The 
upper rail was of the same dimensions, and almost always made of beech or plane 
tree The surface of the ground being formed pretty even, for about six feet 
in width from the pits to the staiths, or the whole length of the intended rail- 
road, or “ waggon-way,” as it was termed, the sleepers were then laid down 
two feet apart, and the under rail properly secured to them. The ashes or material 
forming the surface of the ground, were then beat firmly against the surface of 
the rail, which was thus strengthened and made more rigid. The upper rail 
was then placed upon the other, and firmly bound down by the pins or pegs 
of wood, j 

This combination had many very obvious advantages over the single-rad; for, 
independent of the waste of timber before alluded to, the destruction of the sleepers 
in the single-rail by the feet of the draught-horses was considerable. The 
double-rail, by increasing the height of the surface whereon the carriages travelled, 
allowed the inside of the road to be filled up with ashes or stone to the under side 
of the upper rail, and consequently above the level of the sleepers, which thus 
secured them from the action of the feet of the horses. This description of 
radroad appears to have continued in use for a considerable period of time, 
especially amongst the collieries of Durham and Northumberland. 

The waggons made use of were pretty nearly on the present construction, but 
sufficiently large to contain several tons of coal ; the wheels, called rollers by 
some authors, were exceedingly low, the smoothness of the road rendering 
high wheels unnecessary. An ordinary horse, on these roads, drew three tons 
of coals without difiiculty to the driver. Where any declivity move than usually 
steep occurred, it was termed a run ; and whilst on it, the progress of the waggons 
was retarded and regulated by a species of crooked lever or brake, managed by 
the driver, and attached to the waggon. It is stated by some authors, that 
these wooden rails were subsequently improved upon by making ledges at their 
sides, to prevent the waggons from going out of their tracks ; a form which 
was subsequently given to them in cast-iron, and termed tram-plates, hereafter 
described. To avoid descending the steep declivities froni the high banks at 
Newcastle to the river, staiths or high platforms are erected, projecting over the 
river, and so as to be nearly level with the banks ; whence the coal waggons 
are run by a veiT slightly inclined plane on to these staiths, and there dis- 
charged through shoots or spouts, either directly into the holds of ships moored 
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underneath, or into capacious intermediate reservoirs conveniently planned for 
the subsequent loading of ships. 

In most cases the wooden railroads, from the mine to the place of shipment, 
were made so as to follow very neaily the undulations of the country over 
which they passed ; excepting only here and there at very steep ascents ; and 
for a long period of time no attempts were made to counteract the rapid descent 
of the carriages down the declivities, except by means of brakes, which, depend- 
ing wholly upon the strength and dexterity of the waggoners, often failed, and 
were productive of many sad accidents. Sometimes, owing to the state of the 
weather, the rails became so slippery, as to render a suspension of the work 
unavoidable. Frequently, where very steep descents occurred, and a train of 
waggons were left on the declivity, owing to an obstruction caused by the 
weather, the falling of a shower of rain would release all the waggons together, 
and they would descend by their own gravity. Under such circumstances, men 
were employed to draw ropes across the line of road to arrest their progress ; 
and if this were effected before the momentum became considerable, any very 
great damage was thus prevented; but if the momentum were sufficient to 
break the ropes, serious disaster resulted. When cast-iron wheels were first 
introduced, they were only used for the fore-axle, the wooden wheels being 
retained on the hind-axle, from the idea that the brake could only be applied 
effectively to the wooden wheels. At length it was contrived, by an extension 
of the lever, to apply a brake to the metallic ; and then all the four wheels were 
made of iron. The next improvement was the adoption of iron for wood, 
which alone enabled the horse to take double his previous load. This 
change was not first introduced at Newcastle, as is generally supposed, but at 
the iron-works of Colebrook-dale, in Shropshire, about the year 1767. Our 
authority for this statement is derived from the reports of a Committee of the 
House of Commons, on the subject of roads and carriages. It occurs inci- 
dentally in a letter to the Committee, from the ingenious Hornblower, the 
rival and contemporary of the celebrated Mr. Watt; who observes: “ Railways 
have been in use in this kingdom time out of mind, and they were usually 
formed of scantlings of good sound oak, laid on sills or sleepers of the same 
timber, and pinned together with the same stuff. But the proprietors of 
Colebrook-dale Iron Works, a very respectable and opulent company eventually 
determined to cover these oak rails with cast-iron, not altogether as a neces- 
sary expedient of improvement, but in part as a well-digested measure of economy 
in support of their trade. From some adventitious circumstances, (which I need 
not take time to relate,) the price of pigs became very low, and their works being 
of great extent, in order to keep the furnaces on, they thought it would be the 
best means of stocking their pigs, to lay them on the wooden railways, as it 
would help to pay the interest by reducing the repairs of the rails; and if iron 
should take any sudden rise, there was nothing to do but to take them up. and 
send them away as pigs. ’ 

“ But these scantlings of iron (as I may call them) were not such as those which 
are now laid in some places ; they were about five feet long, four inches broad 
and one inch and a quarter thick, with three holes, by which they were fastened 
to the rails, and very complete it was both in design and execution. Hence it 
was not difficult, if two persons on horseback should meet on this road for either 
to turn his home out of the road, which, on the railways now introduced would 
be attended with some serious doubt as to the consequences. But it would be 
impossible on the best railways to afford that facility of travelling which we now 
enjoy on a spacious well-managed road; and in my opinion would nrove of 
greater detriment than all the obstacles we have to deplore in the nre 
comfortable state of the roads.” We have extended our extract f m”' 
Hornblowcr’k letter thus far, to show, that however inadmissible the emnl*'" ^*t 
of edge-rails or tnmed-up tram-plates are on the public roads, the s..r„o 
or difficulty of travelHng does not applv to the “ scantlings of iron ” 
^^Colebrook-dale; on which point wh shall hereafter have some remarkTto 

The introduction of metallic surfaces to the rtoaden rails was, however at 
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first productive of serious evils ; for the resistance or adhesion to the surface io 
descending inclined planes was thereby so much reduced, that the ordinary 
brake was found to be quite ineffective in counteracting the force of gravity. 
Recourse was therefore had to the double or self-acting inclined planes, by 
which the surplus force of gravity of the load descending one plane was 
employed to drag up the empty waggons on the ascending plane. At this period 
of time the steam-engine was employed in raising mineral from the pits by 
means of ropes coiled round barrels, the application, therefore, of a similar 
process to the raising of a train of loaded waggons up an inclined plane became 
obvious, and was extensively adopted in the north of England. 

The introduction of cast-iron plates, having an upright ledge, was originally 
effected by Mr. Carr, at the Sheffield colliery, about the year 1776. These 
were at first called plate-rails, but are now usually distinguished by the term 
tram-plates, from the circumstance of their being used for trams or waggons to 
roll upon. The form of these, as used in the under-ground colliery at Sheffield, 
belonging to the duke of Norfolk, is delineated in the following figures. Fig. 1 
being a plan, and Fig. 2 a transverse section of Fig. 1, through the dotted line 
ab; cc are the plates, 6 feet long, of the sectional shape shown at cc, Fig. 2; 


Fig. 1 . Ftg 2. 



at each end of the rails holes were cast, through which stout nails were driven 
into the sleepers ddd, made of wood, in the first instance, and afterwards of 
blocks of stone, by Barnes, Outram, and others. 

In many of the railroads where horse-power is employed to draw the car- 
riages, the animal is frequently required to check the velocity of the waggons, 
so that they may' not exceed a certain degree of motion ; and when a horse is 
pressed beyond his power of resistance, he necessarily quickens his pace ; if, 
under these circumstances, he makes a trip, he is almost sure to fall, and then 
to suffer severe, if not fatal injury, by being forced down the declivity. To 
prevent such serious accidents, 5lr. Le Caan, of Llanelly, in Caermarthenshire, 
about thirty years ago, constructed a brake of great simplicity, which cannot 
fail of checking or stopping the carriages under such circumstances, and is 
therefore deserving of more public notice than it has hitherto received. In the 
following engraving we have shown the application of this contrivance to a 
common Welch cart used upon 
rails, a represents the brake, 
which we have shown as made of 
iron, it being in the original a very 
clumsy mass of wood, shod with 
iron ; the shoe or skid ought to be 
somewhat broader than the tire of 
the wheels ; the top of the brake 
turns upon a pivot at h, and the 
lower part is connected by a strong 
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chain c to the shaft d. The shafts are jointed at e to the frame of the cart or 
waggon ; and when the horse is upon his legs, the shaft-chain and brake are in 
the several positions shown by the dotted lines aXfgh, the latter, which repre- 
sents the brake, being then quite clear of the wheels as well as the rails ; but 
when the horse falls the shaft takes the inclined position shown at d, and the 
skid of the brake a, by its weight, is thrown under the wheel, which it takes off 
the rail; the rolling motion is thus changed into a sliding one, and the great 
friction thus induced either stops the descent of the carriage, or retards it suf- 
ficiently to prevent serious injury resulting. In a letter to the Society of Arts, 
in London, Mr. Le Caan observes: — “ To prevent the great trouble arising from 
turning a waggon round upon a railroad, it would be better to have a brake to 
each of the tour wheels ; in which case, after the waggon has discharged its 
load at the place of destination, the chains c may be loosened from the shafts, 
and fastened upon hooks so as to keep the brakes suspended over the road ; 
the bolt at e which attaches the shafts to the body of the waggon, is then 
to be removed, and, with the shafts, placed in a similar manner on to the 
other end of the waggon, which now becomes the fore part, the horse drawing 
it back to be again loaded. Whenever the waggon is ascending, the checks 
behind the waggon may occasionally be let down and used as rests to relieve the 
horse when necessary.” 

In the construction of aU surface railways, the first object considered is the 
direction of the road, which, in all cases, should be so formed, and with such 
declivity as may be best calculated not only to suit the nature of the ground 
through which it passes, but also the trade to be carried on upon it. If, for 
example, as frequently happens to be the case, nearly the whole traflSc of a 
country is in one direction, the road should then obviously decline that way, so 
that the waggons and their contents may descend on this inclined plane as much 
as possible by their own gravity. But in all cases particular attention ought to 
be paid to the extent of the trade upon the railway, so that the inclination may 
be as nearly as possible proportioned thereto, consequently, the draught each 
way equalized ; and in cases where the transit of merchandize to and fro should 
be nearly equal, it would be most beneficial to have the railway level : but it 
sometimes may happen that the nature of the ground is s\ich as not to permit 
that declivity or level best suited to the trade ; the line should, in that case, be 
varied, and, if possible, the inequalities made up so as to bring it as near as 
possible to the proper standard, if it can be done at any moderate expense ; but 
when the inequalities happen to be such as to render this impracticable, the only 
resource to be found is in inclined planes. For example, where the differences 
of level between the two extremities of road are such as would render an. equal 
declivity too steep, then the road must be carried either on a level, or with the 
due degree of slope as far as practicable, and then lowered by an inclined 
plane, on which the waggons are gently let down by a brake, and dragged up 
by an additional power to that which is made use of for drawing them along 
the road. But in the laying out and formation of all railways, much depends 
upon the skill and judgment of the engineer, as it is quite impossible to lay 
down any general plan to suit all cases ; for, it must be recollected, every 
situation presents some peculiar circumstances. When once the line of railway 
is fully determined upon, the next step is to form the road, which requires much 
attention ; it must be of sufficient width to contain the opposite rails, and for 
forming a footpath on one side. There is no prescribed distance between the 
rails, as, in some cases, preference is given to long narrow waggons, and in 
others, to those of a broad short shape ; consequently, the distance between the 
rails varies from three to four and a half feet; hence from nine to twelve feet 
has been usually apportioned for a single road, and from fifteen to twenty for a 
double one. 

The next operation is the placing and firmly bedding the sleepers, which 
generally consist of«solid blocks of stone, weighing from one to two or more 
hundred weights each. There is no particular shape necessary, provided their 
bases be broad, and pretty even ; it is also particularly necessary that the upper 
surfaces should piesent an even and solid basis for the iron plates or rails to rest 
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upon. The sleepers are gencrallv placed along each side of the road, measuring 
about three feet distant from each other, from centre to centre, the opposite 
ones being separated by the width between the opposite rails. In such situa- 
tions, wheie tlip ground under them is of a soft nature, it is usual and proper, in 
the first instance, to lay on a coat of gravel, small stones, or metallic scoria- ; 
and this is well beaten down iti order to form a firm foundation. Each stone, 
when laid down, is carefully gauged, both in respect to its distance from the 
adjoining ones, and the level or declivity of its upper surface, on winch tlie 
plates or rails are intended to rest. The sleepers being thus correctly placed, 
the spaces between them are filled up with either gravel, metallic scorite, or 
some other hard road materials, in order that the whole may consolidate into a 
hard and firm mass. 

The foregoing is a sketch of the process adopted in forming metallic lines of 
road, whatever may he the form of the rail or wheel-tracks laid down. Of 
these, there are two principal kinds, namely, tram-plates (already noticed) and 
edge-rails, both of which are very extensively adopted, though the latter is, at 
the present time, the most approved by engineers. Nevertheless, it is unques- 
tionable that tram-plates, when correctly _/br/ne(/, and laid down with the same 
attention to accuracy of adjustment and solidity of bearing as is now practised 
with the best edge-rails, answer their purpose admirably. They are commonly 
employed in Wales, and in the neighbourhood of blast furnaces, on account of 
the greater facility and cheapness of their construction. They are especially 
useful in forming new roads, in the working of mines, quarries, in digging 
canals, jn conveying large stones for buildings, 
and numerous other temporary as well as per- 
manent purposes ; chiefly for this reason, — 
that the ordinary wheels of carts and waggons 
can run upon them, and with a surprisingly 
increased power of draught, while the carriages 
are kept steady in their tracks, by the upright 
flanges, as shown in the annexed section, 
where B represents the flat bearing surface of 
the tram-piate, which, as now practised, is fas- 
tened by a spike, driven into an oaken ping 
previousl}- inserted into the stone sleeper C; 
the horse-path or gravelled road is partly shown 
at A. These tram-plates are made of cast-iron, 
are usually about tliree feet long, from three to 
five inches broad, and from half an inch to an 
inch thick, extending from sleeper to sleeper, 
and the turn-up flange from two and a half to 
four inches high. The plate usually bears on the sleepers about three incbe.s at 
each end, where its thickness is for that purpose increased ; between these 
bearing-points the plate has no support but what it derives from the ground, 
which, though not very permanent or secure, is infinitely more so than the su;)- 
port thus derived by an edge-rail: indeed, the extensive bearing surface of the 
plate upon the ground is often found quite sufficient for temporary uses, without 
any sleepers at all ; and in other cases, where a little more stability is 
required, to spike down the opposite ends of the tram-plates, on each side of the 
road to a transverse piece of wood, which remains useful for a longer period, 
without taking up for re-adjustment. 

Tram-rails are decidedly of a weak form, considering the quantity of iron in 
them; and in some works it has been found necessary to strengthen them, by 
adding a rib on the under side, as shown in 
the annexed perspective view of a section of 
half a rail, in which A is the guiding flange; 

B the bed of the rail on which the wheels run ; 

C is the lib on the under side to strengthen it. 

The tram-plates used for repairing the Surrey 
tramroad were of this form, and it certainly 
renders them very stitf. 
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The mode of fastening down tram-plates by bolts or spikes was found to be 
attended with several inconveniences, owing to the occasional projection of their 
heads, their becoming loose, and hence both the plates and bolts being fre- 
quently stolen, to the entire stoppage of the traffic upon the road. To remedy 
these evils, I\lr. Charles le Caan, of Llanelly, in South Wales, contrived a mode 
of forming the plates, so that no bolting or nailing was requisite, but each 
plate in succession fastened down the previous one. Fig. 1 lepresents apian 
of the junction of two plates, 
placed on a stone sleeper D ; 
and Fig. 2 shows a longitudinal 
section of the same. The plates 
are joined by a dove-tailed notch 
and tenon, and an oblique plug 
is cast on each plate, which is let 
into the stone sleeper; but for the 
advantage of taking up the plates 
to repair any defect, there are 
plates at every thirty yards, with 
perpendicular plugs; such plates 
are called stop-plates. The diameter of the plug near the shoulder is one inch 
and three quarters, at the point one inch, its length two inches and a half, and 
its obliquity, shown in Fig. 2, about eight degrees. A small groove in the 
whole length of the exterior of such plug is made to allow the water in the 
hole to expand in freezing; and it also serves to admit a wire to draw a broken 
plug out by it. The holes for the plugs should be cut to the depth of three 
inches by a standard gauge of cast-iron, and countersunk so as to allow the 
end of the plate to bed firmly on the block which supports it. Fig. 3 is one of 
the ends of a tram-plate, in which II shows the flange or tipright edge; I the 
flat part or sole, in which the wheels of the waggon run ; D one of the plugs ; 
and K a projection behind, to render the plates firmer upon the blocks. The 
usual length of one plate is three feet ; the flanch H is one and a half inch 
high ; the sole, or bed, three and a hall^ or four inches broad, and three-fourths 
ot an inch thick ; but these dimensions are varied according to circumstances. 
The most approved weight has been fortj'-two pounds for each plate : the ends 
from which the plugs project, under which the tenons and notches are made, 
should be a quarter of an inch thicker than the other parts of the plate. The 
weight of the blocks or sleepers should not he less than about 120 pounds each ; 
and some kinds of ground will require heavier. In this method the wheels of 
the waggons cannot be obstructed by the heads of the nails rising above the 
surface, and the blocks are not disturbed by fixing the plates ; and when 
repairs are necessary, the plates must be formed for the purpose. When trara- 
plates are fixed by spikes to stone sleepers, there is some difficulty in keeping 
the joint even and in its place ; but it seems to be successfully obviated by 
using a saddle-pin to receive the ends of the nails at the joints, an improvement 
which was introduced by Mr. Wilson on the Troon tramroad. 

Tramroads are much esteemed in Wales; and in consequence of using them, 
it is found desirable to divide the pressure upon the rails as much as possible ; 
hence, small carriages are used, and these lead to small w'heels, so that the effect 
of a given power is not above half what it ought to be ; and yet the enormous 
increase of railroads in Wales renders it evident that some benefit is received 
from adopting this system of conveyance. In 1791, there was scarcely a single 
railway in South Wales : and in 1811, the complete railroads connected with 
canals, collieries, &c. in Monmouthshire, Glamorganshire, and Caermarthen- 
shire, amounted to nearly 150 miles in length, exclusive of underground ones, 
of which one company in Alerthyr Tydvil possessed about thirty miles ; since 
which period the lines have been e.xtendcd to, at the least, three hundred 
miles. • 

M heiiever it is found necessary for railways to cross any public road, the space 
a ^ must be paved or firmly causewayed to the level of the top of 
to T.. offier that carriages passing along the road may be enabled 

pass Clear over the vuiU. It is also absolutelj' necessary, in single railways, to 



IIAILWAYS. 


381 


have certain places formed at intervals, where the empty carriages, in returning 
may get off the road, in order to allow the loaded ones to pass,; a place of this 
description is termed a turn-out. The waggons are easily directed into it by a 
movable rail, termed a pointer, fixed at the intersection between the principal 
rail and the turn-out, and turning on its extremity so as to open the way into 
the turn-out, and shut that along the road ; and whenever one line of railway 
happens to cross another, this contrivance is also adopted. 

The origin of edge-rails cannot easily be traced. The wooden rails partook 
of this character ; for they were generally rounded a little on their upper sur- 
faces, and flanges were put upon the peripheries of the wheels, which, projecting 
downwards over the sides of the rails, kept the wheels in their tracks ; and in 
some cases, square wrought-iron bars were fastened over the wooden rails, 
partly with a view to strengthen them, as well as to form guides to the wheels : 
the transition to improved forms was therefore easy. In 1789, Mr. Jessop 
introduced a cast-iron edge-rail in the public road at Loughborough, the upper 
surface of which was flat, and the under of an elliptical shape. 

It was not, we believe, until the beginning of the present century that edge- 
rails were much known; as it appears that Mr. Benjamin Wyatt, of Lime 
Grove, near Bangor, imagined himself to have originated them. This gentle- 
man's invention, as applied to the Penrhyn Slate Works, is thus described by 
himself in a letter to the editor of the Repertory of Arts, and is inserted in the 
third volume of the second series of that valuable w’ork. I n allusion to the 
peculiar rails then in use, he says — “ The rail hitherto made use of in most rail- 
ways is a flat one, three feet in length, with a rib on one edge, to give it strength, 
and to prevent the wheels, which have a flat rim, from running off. Observing 
that these rails were frequently obstructed by stones and dirt lodging upon 
them ; that they were obliged to be fastened to single stones or blocks on account 
of their not rising suSioiently above the sills, to admit of gravelling the horse- 
path ; that jthe sharp rib standing 
up was dangerous for the horses; 
that the strength of the rail was 
applied the wrong way ; and that 
less surface would produce less 
friction ; led me to consider if 
some better form of rail could not 
he applied. The oval presented 
itself as the best adapted to cor- 
rect all the faults of the flat rail, 
and I have the satisfaction to say, 
that it has completely' answered 
the purpose in a railway lately exe- 
cuted for Lord Penryhn, for his 
lordship’s slate quarries in Caer- 
marthenshire, to Port Penryhn, the 
place of shipping. The wheel 
made use of on this rail has a con- 
cave rim, so contrived in its form, 
and the wheels so fixed upon their 
axes, as to move with the greatest 
facility on the sharpest curves that 
can be required.” It is obvious 
by the annexed section, which re- 
presents the rail, a, of its full and 
exact size, that no dirt can lodge 
upon it, and that it must he very 
strong for its weight ; and is 
calculated to resist both the per- 
pendicular and lateral pressure. 

That it must occasion but little 
friction, that it may be placed upon 
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the sills so as to admit a sufficient quantity of ^avel to cover them, and present 
no danger to the horse, they were cast 4 feet 6 inches long, and weighed 36 lbs. 
each. The lower part b is cast to each end of the rail, three inches long, to 
let into the sills, which have a dovetailed notch to receive them. 

The Penrybn railway is six miles and a quarter in length, divided into five 
stages. It has three-eighths of an inch fall in a yard, with three inclines ; was 
begun in October 1800, and finished in July 1801. The annexed sketch shows 
the kind of waggons that were used on this railway, twenty-four of which con- 
taining 24 tons, were drawn by two horses (one stage) six times a day ; which is 



144 tons per day, drawn 6| miles per daj'. This quantity of work was pre- 
viously performed by 144 carts, and 400 horses ; so that ten horses will by 
means of this railway do the work of feta- hundred! 

It has been repeatedly proposed of late years, to form a rail, or iron wmy, 
upon a portion of the common public road, so as not to rise above the level of 
the general surface, and thus permit carriages to cross them in any direction, 
without impediment. The utilrty of the principle of this arrangement has for 
some time past been demonstrated by the excellent granite stone-way for 
waggons, in the Commercial Road, and the adoption of the same plan in 
Friday-street, and other parts of London ; for by these rough structures, the 
effect of horse-power is at the least doubled, or one horse is saved out of every 
two. If so much has been gained by so slight an improvement of the snr&ce; 
what may not be expected wlien ignorance and prejudice shall permit the intro- 
duction of such perfect surfaces as iron will afford ? There is, however, no need 
of conjecture in the matter; the results of the actual work upon the Manchester 
and Liverpool Railway show us, that a force of draught equal to a weight of 
one pound descending from a pulley, is capable of drawing 200 lbs. upon the 
rail at 2J miles per hour, which is the ordinaiy pace of a cart horse, whose 
power of draught through a day’s work is estimated at 150 lbs. drawn up over 
a pulley at the same velocity. Consequently, we have 150 X 200=30,000 lbs. ; 
or between 13 and 14 tons, drawn by one horse with perfect ease! Whatever 
admiration such effects might excite in the public mind, they would create no 
surprise to persons at all acquainted with mechanical science ; indeed, it appears 
from experiments made by Mr. Wood, with a well constructed model, that the 
whole of the resistances to the motion of a carriage upon a level railway are 
capable of being reduced to the five hundredth part of the weieht ; conse- 
quently one horse would be competent to draw (500 X 150=) 75^000 lbs., or 
upwards of 33 tons ! But it is not to be expected that the accuracy of work- 
manship in a model could be carried into efect, or the expense of it afforded 
on the great scale ; nevertheless, when the numerous little progressive amelio-. 
rations which the present extensive practice of our railroad mechanics are daily 
developing, are taken into account, it scarcely admits of a doubt that a horse 
may be rendered capable of drawing, at the least, 20 tons. 

These remarks have been elicited from us by the perusal of the specification 
of a patented inven^ion by Jonathan Woodhouse, of Ashby-de-la-Zouch, thirty- 
three years ago, which unfortunately deprives many of our more modern pro- 
jectors of their claims to originality. Considering that railroads were quite in 
their infancy at the period of Mr. Woodhouse’s propositions, they strike us as 
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remarkably judicious, both in arrangement and detail ; and from their perfect 
originality, they are well deserving of a conspicuous station in the history of 
railroads, though hitherto unnoticed by writers on the subject. The specifica- 
tion is entitled “ a new method of forming a cast-iron rail or plate, which may 
be used in making iron railroads, or drags for the working and running of wag- 
gons, drays, and other carriages, on public and other roads ; and also a new 
method of fixing, fastening, and securing such cast-iron rail or plate on such 
roads: dated February 28, 1803.” The following is the description. 

“ The rail or plate is made of cast-iron, and the upper part or surface thereof 
is concave ; the w'idth of which rail or plate may be increased or diminished as 
may best suit the size of the wheels of the carriages that may be worked upon 
the particular roads where the rails or plates are used. The method of fixing, 
fastening, and securing the iron rails or plates, is to place them on bearings, at 
convenient distances, which are to be fixed firm and solid in the earth, and to 
fasten the rails or plates to such bearings with wnought-iron screws, or cutter 
bolts. The bearings for the rails or plates may be made of timber, stone, or 
cast-iron, or wood-piles ; and if the rails or plates are properly fixed to such 
bearings with wrought-iron screws or cutter bolts, and the road is made even 
with the surface of the external or outer edges of the rails or plates, either with 
stone, gravel, or wood, or any other road materials, the rails or plates will be 
immovable, and the wheels of the carriages used thereon will pass over the 
same with facility ; and by reason of the concave form and manner of fixing 
of the said rails or plates, no shock which they can receive (except some wilful 
force is maliciously used) can injure or break them. These rails or plates may 
be used on private as well as on public or other roads, with a great advantage, 
where a multiplicity of business is to be carried on ; and by reason of such the 
concave form, and manner of fixing them, they admit of the wheels of carriages to 
get upon or from them, with facility in any fcection ; and the wheels working 
on those rails will move with great smoothness and ease. The annexed draw- 
ings show the cast-iron rails or plates, and the methods of fixing, fastening, 
and securing them, of which the following are the explanations.” 

Fig. 1, aaaa, show four pieces of the plates or rails laid down in two lines, 
with their concave surfaces upwards. Fig. 2 shows the elevation or end view 
of the plates or rails, their sectional form, and how they are fixed to the bear- 
ings b b by means of screw bolts or cutter bolts. Fig. 3 is added, to show more 
distinctly on a larger scale, the transverse form of the concave hollow plates or 
rails. Fig. 4 shows the side views of the rails a a, with their bearings b b under 
them; the same being shown in a position at right angles in Figs. 2, 7, 9, 
and 11. 


Fig. 3. 




Fig. 1. 




Fig. 2. 




Fig. 4. 
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Fig. 5 e^hibits a plan or section of tlie base -or under side of tlie rails ; tlie 
recesses (\c, in the feet of tlie rails b,nng made to receive the wroughHron 
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screws or cutter bolts, which serve the double purpose of preserving and securing 
the rails in a direct line with each other, and of firmiy securing them on their 
respective hearings : d d show the stays cast between the sides of the rails or 
plates, which brace them together at their bottom edges. Fig. 6 shows the 
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diced or checquered rail. These, it is proposed, may also be laid in sheets, and 
where roads meet or cross each other, to prevent the feet of the horses from 
slipping, and will therefore be more particularly useful in such roads as have 
a declivitv or descent. Fig. 7 exhibits an end elevation of the same. 

The subjoined sketch, Fig. 8, shows a plan, and Fig. 9 a section of the mode 
of applying the invention to a street or road paved with stone. 


Fig. 8* 



Figs. 10 and 11 show in like manner, by a plan and section, the application 
of the invention to a street or road made of gravel, broken stone, or other road 
materials ; but with the view of keeping the rail or plate as free from gravel as 
possible, a course of stones is laid on each side of the rail. 

In some remarks made by the inventor “on the advantages of concave iron- 
roads,” he observes, that with two horses the mail coaches might be conveyed 
eight miles per hour, as easy as the present mails are conveyed six miles per 
hour with/oKr horses ; the correctness of which seems unquestionable. One of 
the leading objects pf Mr. Woodhouse appears to have been to avoid the fre- 
quent necessity, great expense, and inconvenience of making deep cuttings and 
embankments, in order to conduct canals into towns, which he proposed to 
connect by the application of these concave rails to ordinary roads;' 
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Our London readers will not fail to remark, that the cast-iron gutters now 
laid on each side of most of our public streets are similarly constructed to Mr. 
Woodhouse’s concave rails ; and although they are now so modified as to adapt 
them as water conduits, it may often be observed that the London carmen pur- 
posely avail themselves of them as a railway', to ease their horses when heavily 



burthened, which it evidently does considerably, although the advantage is 
gained only upon one side of the carriage. The smoothness of surface which 
these rails or gutters acquire by' the traffic over them, might cause the wheels of 
•a steam carriage (or such as carry' their own motive force within) to slip a little ; 
but when the carriage is drawn, as by a horse, the wheels cannot slip round, 
and the smoothness then becomes an advantage. 

The important improvement effected on the Penryhn Railway, by Mr. Wyatt, 
described at page 381. naturally led to ameliorations in the structure of similar 

fig. 1. 



work,? elsewhere, which w,as especially' observ.ihle on the banks of the Tyne .and 
Wear. The expense of the transit of coals forms so considerable a proportion 
von. II. 3 c 


586 


RAILWAVS. 


of their money cost, that the owners are always alive to any decided saving that 
may be effected therein. In the engravings in page 385, Fig. 1 represents a side 
view. Fig. 2 a plan, and Fig. 3 a cross-section of a cast-iron edge-rail, of the 
form which has been extensively adopted in the districts above mentioned. The 
waggons run upon the rounded edge of the rail, which is smooth, and laid as 
evenly and regularly as possible. The length of these rails is usually three 
feet, with a depth of about four inches and a half in the middle, and breadth of 
the top two inches ; but in some railways the rails are four feet long. The 
ends of the rails meet in a piece of cast-iron, called a chair (see Fig. 4), and the 
chairs are fixed to stone blocks or sleepers, with a broad base, and weighing 
from one and a half to two hundred weight. These are firmly bedded in the 
ground, and adjusted to a proper plane for the road before the chairs are con- 
nected to them. The goodness of the road of course depends much on fixing 
the sleepers in a sound, firm manner. In Fig. 1 the side view of the rail C is 
shown, supported at the extremities A B by cast-iron chairs E E, which rest on 
blocks of stone D D, called sleepers. Fig. 2, the plan, shows the scarf joints, 
where the ends of the rails meet in the iron chairs E E. Fig. 3, the cross 
section of the rail taken at C, in Fig. 1, which is the middle of its length. 
Fig. 4 is a cross section at B, through the joint chair and supporting blocks. 

Up to the period to which our present history of railways relates, it does not 
appear that any other power of draught or propulsion was employed but that 
of horses, and, occasionally, of fixed engines up inclined planes. 

In the year 1802 Messrs. Trevithick and Vivian invented and took out a patent 
for the first locomotive steam-engine, which was, in the second j'ear afterwards, 
brought into practical operation. The merit of the first suggestion of steam-car- 
riages has been attributed to different individuals ; but the probability is, that 
the idea of applying the steam-engine for the purposes of locomotion was 
coeval with its first invention. Thus Savery, from having considered its possi- 
bility, and Dr. Robison, from having suggested it to Watt, have by some been 
regarded as the inventors ; but almost as well might we regard the philosophic 
poet Darwin to have been the inventor, who prophesied — 

“ Soon shall thy arm, unconqnered steam ! afar, 

Drag the slow barge, and drive the rapid car!" 

a note to a late edition of Dr. Robison’s Mecharucal Philosophy, 
]V»-. Watt states, — “ My attention was first directed in the year 1759 to the 
subject of steam-engines, by the late Dr. Robison, then a student in the Uni- 
versity of Glasgow, and nearly of my own age. He at that time threw out 
the idea of applying the power of the steam-engine to the moving of wheel- 
carriages, and to other purposes ; but the scheme was soon abandoned on his 
going abroad.” In the patent granted to Mr. Watt in 1784, he gave an account 
of the adaptation of his mechanism to the propulsion of land carriages. The 
boiler of this apparatus he proposed should be made of wooden staves, joined 
together, and fastened with iron hoops like a cask. The furnace to be of iron, 
and placed in the inside of the boiler, so as to be. surrounded on every side with 
water. The boiler was to be placed on a carriage, the wheels of which were to 
receive their motion from a piston working in a cylinder, the reciprocating 
motion being converted into a rotatory one, by toothed wheels, revolving with a 
sun and planet motion, and producing the required velocity by a common series 
of wheels and pinions. By means of two systems of wheel-work, differing in 
their proportion, he proposed to adapt the power of the machine to the varied 
resistance it might have to overcome from the state of the road. A carriage 
for two persons might, he thought, be moved with a cylinder of seven inches in 
diameter, when the piston had a stroke of one foot, and made sixty strokes a 
minute. Mr. Wat^ however, never built a steam-carriage. It is well known 
that Mr. Watt retailed, up to the period of his death, the most rooted prejudices 
against the use of high steam ; indeed, he says himself, “ I soon relinquished the 
constructing an engine on this principle, from being sensible it would be 
liable to some of the objections against Savery’s engine, viz. the danger of 
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bursting the boiler, and also that a great part of the power of the steam would 
be lost, because no vacuum was formed to assist the descent of the piston.” — 
Watt’s Narratire. 

In a bold deviation from the beaten track, it was the good fortune of Mr. 
Richard Trevithick and Mr. Andrew Vivian, two engineers residing at Cam- 
borne, in Cornwall, to find the path which conducted them to their object ; — 
rejecting the absurd prejudices which had made high-pressure steam to be 
excluded from practice, they saw in the formidable qualities which had excited 
the fear of Watt and others, those very properties which fitted it to become the 
actuating principle of their mechanism. Above all other considerations which 
swajed them in their preference of steam of a high temperature, was the 
power it gave of dispensing with the use of the condenser altogether ; a part 
which, from its cumbrousness, and the difficulty of supplying it with water, 
rendered it far inferior even to Newcomen’s imperfect apparatus for locomotive 
purposes. 

I'he specification of the patent granted to Messrs. Trevithick and Vivian is 
descriptive of a high-pressure engine, the most simple and effective ever 
known, which has thus been characterized by the eloquent Mickleham : — “ It 
exhibits in construction the most beautiful simplicity of parts, the most saga- 
cious selection of appropriate forms, their most convenient and effective 
arrangement and connexion ; uniting strength with elegance, the necessary 
solidity wdth the greatest portability ; possessing unlimited power with a won- 
derful pliancy to accommodate it to a varying resistance ; it may indeed be 
called The Steam-Engine.” This machine will be found under the article 
Steam. Our present business is with the application of this engine, which the 
specification proceeds to show in connexion with a sugar-cane mill ; and, 
lastly, it describes its employment in propelling “ whe^ carriages of every 



description,” — a purpose for which it is most admirably designed, as it contains 
generally those arrangements or combinations of mechanism which many of our 
present locomotionists call their own, and which are adhered to as essential to their 
machines. We shall now quote from the specification : “ Fig 1 is a vertical 
section, and Fig. 2 the plan of the application of the improved steam-engine 
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to give motion to ichcel carriages of every description ; B represents the case, 
liaving therein tl.e boiler with its fireplace and cylinder (described by the 
patentees in the previous part of their specification). The piston-rod P Q, 
Fig. 2, is divided or forked so as to leave room for the motion of the extremity 



of the crank R ; the said rod drives a cross piece at Q, backward and forward 
between guides ; and this cross-piece, by means of the bar Q B, gives motion 
to the crank with its fly F, and to two wheels TT upon the crank axis, which 
lock into two correspondent wheels U upon the naves of the large wheels of the 
carriage itself. The wheels T are fixed upon round sockets, and receive their 


motion from a striking box or bar S X, which acts upon a pin in each wheel ; 
S Y are two handles, by means of which either of the stiiking-boxes S X can 
be thrown out of gear, and the correspondent wheel W, by that means discon- 
nected with the first mover, for the purpose of turning short, or admitting a 
hackward motion of that wheel when required ; but either of the wheels W, in 
case of turning, can be allowed considerably to overrun the other without throwing 
S X out of gear, because the pin can go very nearly round in the forward motion 
before it will meet witli any obstruction. The wheels U are most commonly 
fixed upon the naves of the carriage-wheels W, by which means a revolution of 
the axis itself becomes unnecessary, and the cuter ends of the said axis may 
consequently be set to any obliquity^ and the other part fi.xed or bended, as the 
objects of taste or utility may demand. The fore-whetls are applied to direct 
the carriage by means of a lever H; and there is a chink lever which can be 
applied to the fly, in order to moderate the velocity of progression when going 
down hill. In the vertical section is shown a springing lever, having a ten- 
dency to fly forward. Two levers of this kind are duly and similarly placed 
near the middle of the carriage, and each of them ate alternately thrown back 
by a short bearing lever upon the crank axis, which sends it home into a catch 
at the end, and afterwards releases it when the bearing lever comes to press 
upon V, in which case the springing lever flies back. A cross bar, or double 
handle is fixed upon the upright axis of the cock, from each end' of which 
said cross bar proceeds a rod p q, which is attached to a stud q ; that forms part 
of the spring lever. This stud has a certain length of play, by means of a 
long hole or groove in the bar, so that when the springing lever is pressed 
up, the stud slides in'the groove without giving motion to p. When the other 
Springing lever is diseng.aged, it draws the opposite end of the handle and causes 
p to draw the long hole at q up to its bearing against the stud, ready for the 
letting off of that first-mentioned spiingitig-lever. When this last-mentioned 
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lever comes to be disengaged, it suddenly draws p back, and turns the cock one 
quarter turn, and perforins the like office of placing the horizontal rod of the 
other extremity of the liandle ready for action by its own springing-lever. These 
allernalioHS ptiform the opening and shult'ing of the code, and to one of the spring- 
ing levers is fixed a small force-pump «•, ic/iic/i draws hot uater from the case by 
the quick hack-stroke, and Jorces it into the boiler by the stronger and more gra- 
dual pressure of a lever on the crank aji is. It is also to he noticed that in certain 
cases, make the external periphery of the wheels W uneven, by projecting heads 
of nails or holts, or cross grooves, or fittings to railroads, when required ; and 
that in cases of hard pull we cause a lever, bolt, or claw, to project through the 
rim of one or both of the said wheels, so as to take hold of the ground ; but 
that in general the ordinary structure or figure of the external surface of these 
wheels icdl be found to answer the intended purpose. And. moreover, we do 
observe and declare, that the power of the engine, with regard to its convenient 
application to the carriage, may be varied, by changing the relative velocity of 
lotation of the wheels W compared with that of the axis S, by shifting the 
gears or toothed wheels for others of different sizes, properly adapted to each 
other in various ways, which will readily be adopted by any person of competent 
skill in machinery. The body of the carriage M may be made of any conve- 
nient size or figure, according to its intended uses. And, lastly, we do occa- 
sionally use bellows to excite the fire, and the said bellows are worked by the 
piston-rod or crank, and may be fixed in any situation or part of the several 
engines herein described, as may he found most convenient.” Such admirable 
combinations of inventive skill were never before contained in the specification 
of a patent ; yet they are described with that unassuming bret ity which belongs 
to matters of common occurrence. What an extraordinary contrast does the 
modesty of these truly clever men present, when compared with the boastings of 
several of our recent locomotionists, who have derived almost every thing that is 
of a useful character in their carriages from _the foregoing specification, and 
from the subsequent practical application of the inventions by the patentees 
themselves. There are thousands of persons now living in London \iho saw 
the steam-coaches of Messrs. Trevithick and Vivian running about the waste 
ground in the vicinity of the present Bethlehem Hospital ; and likewise in the 
neighbourhood or site of Eustoii Square. This was thirty- four years ago; 
iiecertheless, Dr. Lardner says, at page 216 of his Treatise on the Steam-engine, 
"first and most prominent in the history of the application of steam to the pro- 
pelling of carriages on turnpike roads, stands the name of Mr. Goldswoithy 

Gurney Numerous otlier projectors, as might hare been expected, have 

followed in his wake. Whether they, or any of them, by better fortune, 
greater public support, or more powerful genius, may outstrip him in the career 
on which he has ventured, it would not perhaps at present be easy to predict. 
But whatever may be the event, to Mr. Gurney is due, and will be paid, the 
honour of first proving the practicability of the project ; and in the history of 
the adaptation of the locomotive engine to common roads, his name will stand 
before all others in point of time; and the success of his attempts will he 
recorded as the origin and cause of the success of others in the same race.” We 
know not to what cause to attribute such an obvious misstatement of facts; for 
it is impossible for any one who attends to the chronology or history of the sub- 
ject, not to see at once that there are about as many untruths in this panegyric 
as there are lines. It is extremely painful to us to make these observations 
upon a gentleman of such high scientific attainments as the learned Doctor; 
but his just influence upon the public mind, renders it imperative upon us to 
notice this common error which he has fallen into, in order that the fairly earned 
honours of those truly eminent mechanics, Trevithick and Vivian, he not thus 
sacrilegiously trampled in the dust ! 

Mr. Gurney’s first patent for a steam-carriage was in the year 1825, and will 
be found described in its proper chronological position. We will, however, in 
this place, merely observe, that the mechanic who peruses the said specification, 
will instantly recognise the chief arrangements of Trevithick and Vivian; and 
if he reads on to the end of the specification, he will find tliat the sole claims to 
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invention in this steam-carnage, are in the words following : — “ I claim the use 
of a roller or rollers, wheel or wheels, to the upper ends of mj) said propellers, 
reacting against a straight and smooth rail or plane affixed under, and being a 
part of the carriage, such rail or plane being parallel, or nearly so, to the soles 
or bottom of the carriage wheels, whereby the carriage itself is enabled to be rolled 
over the upper ends of the said propellers, crutches, or feet, by the mechanical 
power employed." It is worthy of observation, that however a patentee may 
be disposed to vaunt and puff before the “ enlightened public,” there is too much 
risk attending the making of unfounded pretensions in the specification of a 
patent, wherein the claims to invention mast he exactly defined; for if any thing 
be claimed that is not new, the whole patent is thereby rendered void. In the 
claims, therefore, of a specification, we look for the naked truth ; and in this 
case we find it to be not a steam-carriage, but a useless roller put under the 
body of the vehicle ! These appendages, however, of guide rollers, it may be 
remarked, were first applied to preserve the rectilineal motion of the piston-rod 
in the beautiful high-pressure engines of Trevithick and Vivian, and they have 
been applied in a thousand similar ways ever since. Mr. Gurney thinks, how- 
ever, that nobody put rollers to their crutches before him, and that, conse- 
quently, he invented steam- carriages. And can it be for proposing to use these 
crutches, which it is notorious were long before patented and used, and found 
wanting, (by Brunton, in 1813, Baynes, in 1820, Gordon, in 1824, &c.) that 
Dr. Lardner scatters to the winds all the skill and talent, not only of the gen- 
tlemen we have named, but of all others who preceded Mr. Gurney in the 
building of steam-carriages ! The inquiry naturally follows, what became of the 
celebrated crutches of “ the powerful genius ?” To answer it, we have referred to 
Mr. Alexander Gordon’s interesting Treatise on Elemental Locomotion, and we there 
find it stated at page 35, that they were “ entirely abandoned, the wheel being 
found not only to be sufficient for impelling the carnage, but also to allow con- 
siderable free traction.” Now it is of importance to notice, that althoughTrevithick 
and Vivian stated in the plainest language in their specification, twenty -four years 
prior, that the ordinary wheels alone were sufficient to propel ; Dr. Lardner 
and other writers, nevertheless, lead their readers to suppose that Trevithick 
and Vivian were the authors of this error. At page 247 of his Treatise, the 
Doctor observes, — “ The mistake which so long prevailed in the application of 
locomotion on railroads, and which, as we have shown, materially retarded the 
progress of that invention, was shared by Mr. Gurney. Without redUcing the 
question to the test of experiment, he took for granted, in his first attempts, 
that the adhesion of the wheels to the road was too slight to propel the ctir- 
riage. He was assured, he says, by eminent engineers, that this was a point 
settled by actual experiment. It is strange, however, that a person of his 
quickness and sagacity did not inquire after the particulars of these actual 
experiments. So, however, it was ; and taking for granted the inability of the 
wheels to propel, he wasted much labour and skill in the contrivance of levers 
and propellers, which acted on the ground in a manner somewhat resembling 
the feet of horses, to drive the carriage forward. After various fruitless 
attempts of this kind, the experience acquired in the trials to which they gave 
rise, at last forced the truth upon his notice, and he found that the adhesion of 
the wheels was not only sufficient to propel the carriage heavily laden on level 
roads, but was capable of causing it to ascend all the hills which occur on ordi- 
nary turnpike roads.” This unqualified admission, by Dr. Lardner, of the 
entire uselessness of the only invention claimed by Mr. Gurney in his patent 
steam-carriage of 1 825, also shows that the Doctor conceived that Mr. Gurney 
was the individual who “ found out” this error of “ eminent engineers-” whereas 
the fact is incontrovertible that hundreds of thousands of miles had' been pre- 
viously travelled wifh plain wheels upon railways, where the adhesion of the former 
to the surface is not one-tenth of that upon the common road. It also shows that 
the learned author w^ entirely unacquainted with the many plans for locomotion, 
by numerous ingenious men (hereafter noticed) who never entertained the idea 
that the adhesion of the wheels upon the surface was insufficient to propel. And 
thus it appears that he, whose brilliant talents we are told had dispelled an age 
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of darkness, was the only individual who could not see the perfect inutility of 
confessedly his only contrivance in the specification to which we have alluded ; 
and for which he has been called the inventor of sieapn-carriages ! W e must, 
however, terminate this digression from the path we set out upon, by making 
another extract firora Dr. Lardner’s Treatise ; the first portion of which 
(page 179) we are pleased to add, because the admirable clearness with which 
the knowledge it conveys is given, is, in some degree, compensatory for the 
latter part, to which our complaint alluded. “ It is a singular fact, that in the 
history of this invention considerable time and great ingenuity were vainly 
expended in attempting to overcome a difficulty which, in the end, turned out 
to be purely imaginary. To comprehend distinctly the manner in which a 
wheel carriage is propelled by steam, suppose that a pin or handle is attached 
to the spoke of the wheel at some distance from its centre, and that a force is 
applied to this pin in such a manner as to make the wheel revolve ; if the face 
of the wheel and the surface of the road were absolutely smooth and free from 
friction, so that the face of the wheel would slide without resistance upon the 
road, then the effect of the force thus applied would be, merely to cause the 
wheel to turn round; the carriage, being stationary, the surface of the wheel 
would slip or slide upon the road as the wheel is made to revolve. But if, on 
the other hand, the pressure of the face of the wheel upon the road is such as to 
produce between them such a degree of adhesion as will render it impossible 
for the wheel to slide or slip upon the toad by the force which is applied to it, 
the consequence will be, that the wheel will only turn round in obedience to 
the force which is applied to it ; the consequence will be, that the wheel will roll 
upon the road, and the carriage will be moved forward through a distance equal 
to the circumference of the wheel each time it performs a complete revolu- 
tion. It is obvious that both of these effects may be partially produced ; the 
adhesion of the wheel to the road may be insufficient to prevent slipping alto- 
gether, and yet it may be sufficient to prevent the wheel from slipping as fast as 
it revolves. Under such circumstances the carriage would advance, and the 
wheel would slip. The progressive motion of the carriage during one complete 
revolution of the wheel, would be equal to the difference between the complete 
circumference of the wheel and the portion through which, in one revolution, it 
has slipped. 

“When the construction of travellingsteam-engines first engaged the attention 
of engineers, and for a considerable period afterwards, a notion was impressed 
upon their minds that the adhesion between the face of the wheel and the sur- 
face of the road must necessarily be of very small amount, and that in every 
practical case the wheels thus driven would either slip altogether, and produce 
no advance of the carriage, or that a considerable portion of the impelling 
power would be lost by the partial slipping or sliding of the wheels. It is sin- 
gular that it should never have occurred to the many ingenious persons who, 
for several years, were engaged in such experiments and speculations, to ascer- 
tain, by experiment, the actual amount of adhesion in any particular case 
between the wheels and the road. Had they done so, we should probably now 
have found locomotive engines in a more advanced state than that to which 
they have attained. To remedy this imaginary difficulty, Messrs. Trevithick and 
Vivian proposed to make the external rims of the wheels rough and uneven, by 
surrounding them with projecting heads of nails or bolts, or by cutting trans- 
verse grooves on them. They proposed, in cases where considerable elevations 
were to be ascended, to cause claws or nails to project from the surface during 
the ascent, so as to take hold of the road.” Now, if the specification of these 
injured men be referred to (see p^e 389), it will be observed that the imagina- 
tion of our author has helped him in his statement ; that it is only in peculiar 
cases that they proposed to put into action their beautiful contrivance of the 
clawing, or ribbed wheels and rails, the use of which in ascending inclined 
planes is unquestionable, especially as the latter were consfructed then of much 
greater declivities than they are usually now ; and to prevent any mistake in 
the matter, they distinctly declare, “ that in general the ordinary structure or 
figure of the external surface of these wheels will he found to answer the intended 
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purpose ! ” All comments on such facts are unnecessary ; we therefore 
proceed to give the reader another and very early modification of Messrs. 
Trevithick and Vivian’s patent locomotiv'e carriage, as it was applied upon a 
very indifferent tramroad ; in which carriage, as in the former, the propulsion 
was effected solely by the adhesion of plain wheels upon the trams ; never- 
theless, on its first trial, it drew ten tons of bar iron after it, besides the carriages, 
for nine miles, at the rate of five miles an hour, without stopping once, and, 
therefore, carried beside, a heavy load of water and fuel. The minor arrange- 
ments of this carriage have been variously described by different authorities, 
owing probably to the circumstance that several carriages were built at the time, 
possessing these variations; but the following veitical section conveys all that 
seems to he essentiall}' required. The boiler o n is cylindrical, with a fire-door 
at b at one end of the cylinder ; at c is the fireplace, from which is the principal 
flue, the parts being shown by dots, as they are supposed to be situated on one 
side of the vertical plane, through which our section is made ; which will be per- 
fectly understood by reference to the plan of the fireplace and flues given in our 



acconnt of the Sans PareU engine by Hackworth. The flue, therefore is 
turned at e, then recurved, and continued to the chimney y. By this excellent 
arrangement (invented by the patentee, and which has ever since been 
distinguished by the name of the Trevithick boiler) a great economy of fuel 
was effected, as the greater portion of the heat must inevitably be taken 
up by the water. The lower part of the working cylinder h is immersed 
in the boiler, and the upper has a jacket, around which the fresh hot steam 
circulates freely, so that no loss of power can he sustained by the cooling 
influence of the air upon the cylinder, as was previously the case. Above 
the cylinder is thd four- way cock i, for admitting and discharging the 
the steam alternately ; in the latter operation the waste steam was discharged 
along a pipe j into the chimney, which contrivance alone, if now patentable 
would make the inventor rich; since its great efficacy in increasing the draught 
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of air through the fire, causes an increased production of steam, while it gets rid 
of the nuisance of the waste steam, in a manner so desirable as to render it 
now of indispensable necessity. The upper end of the piston rod is furnished 
with a cross bar, wbich is placed in a direction at right angles to the length of 
the boiler, and also to the piston rod. This bar is guided in its motion by 
sliding in two perpendicular rods fixed to the sides of the boiler, and parallel to 
each other. To the ends of this cross bar are joined two connecting rods, tlie 
lower ends of which work two cranks, fixed to the extremities of the axis rvhich 
carries the running wheels, the axis extending across and beneath the boiler, 
and immediately under the centre of the steam cylinder : this arrangement 
is best seen in Fig. 1 of the following diagrams, extracted from Mr. Alexander 
Gordon's Treatise on Elemental Locomotion ; Fig. 1 exhibiting an end elevation 
of the carriage, and Fig. 2 a side elevation of the same. Mr. Gordon has, how- 
ever, omitted the chimneys, probably for want of space; and the eduction pipe 


rig. 2. Fig. 1. 



is shown as turned up vertically to puff the steam into the air instead of into 
the chimney ; which Mr. Gordon afterwards states was an invention of Mr. Tre- 
vithick s, but that the latter had “ no intention or expectation of improving the 
draught in the chimney thereby.” From the high respect we entertain towards 
the author, we regret that such an unfair remark should have escaped him : it 
is, -therefore, with some satisfaction that we observe, on the next page of his 
book, the following acknowledgment in favour of’ the true inventor of steam- 
carriages : — 

“ It will not be a matter of surprise, that at a period when turnpike roads 
were very ill made^ ^fter experimenting on the present site of Euston Square, 
and a ’few other "^aces, the inventor discontinued his attempts on common 
roads, and confined his operations to a railway.” Those “ ve^ ill-made roads ” 
nave now become converted into what the clever Colonel Maceroni aptly deno- 
minates “ billiard-table roads and it is.a matter of fact, that Gurney’s carrido-ei, 
made in every essential respect after Trevithick’s models, did, occasionally, rmi 
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upon them ; and so did the carriages of many other locomotionists ; some prior, 
some subsequent to Gurney ; some decidedly superior to his, and all those that 
were inferior, were incapacitated from proceeding beyond preparatory trials, by 
the want of that material with which gentlemen of fortune, then unacquainted 
with steam locomotion, had so lavishly furnished Mr. Gurney. Notwithstanding 
all these indisputable facts, we find Mr. Gordon coinciding with Dr. Lardner, 
in ascribing every thing to the inventive genius of Mr. Gurney ; in defiance, too, 
of their own admission, that the carriage, which they necessarily infer could not 
run (-although it did, on the site of Euston Square), when transferred to a com- 
mon Welch tramroad of 1804, drew after it as many waggons in addition as 
contained ten tons of bar iron, besides a heavy load of water and fiiel, making 
in all probably about 20 tons. This fact being admitted by the autliors just 
quoted, it becomes of importance to show their ctmsistency, in stripping the 
laurels from the head of Trevithick, to deck that of Gurney. By reference to 
Mr. M'Neill’s table of resistances, given by Mr. Gordon at page 337 of his 
work, it will be seen that upon the best broken stone road (such as Gurney’s 
carriages ran upon) it requires a tractive power of 43 lbs. to move one ton 
upon a level. To ascertain what force is required to move the same load 
upon a common tram-road, we refer to Mr. Palmer’s experiments on the 
Llanelly and Surrey tram-roads, the former of which he found by his dynamo- 
meter to be cne-fifty-ninth of the weight, and the latter one-sixtieth of the 
weight. Now one-sixtieth of a ton is 37| lbs. ; the force required to move 
a ton upon the last mentioned is therefore only about two-fifteenths less 
than on Mr. M'Neill’s best roads. According to these data (the only data 
which we can find) it is incumbent on Messrs. Gordon, Lardner, and M‘Neill, 
(the latter gentleman being guilty of the same idolatry as the former) to 
show that Mr. Gurney’s carriage was competent to draw after it, upon Mr. 
M'Neill’s road, the same load as that drawn by Trevithick’s upon the tramway, 
minus the aforesaid difference of two-fifteenths. These gentlemen will of 
course not attempt any thing of the kind, for they must know well, that which 
tliousands of our readers have often witnessed, that Gurney’s carriage gene- 
rally had its full work to do, without any tail at all. These gentlemen will 
surely not dispute their own data, nor say that Messrs. M'Neill and Palmer 
made their dynamometers incline to their own views. Let them, however, 
estimate the errors how they please ; they cannot, by any established data 
founded upon authenticated disinterested experiments, show, that a light steam 
carriage, which performed the work they admit Trevithick’s did upon the tram, 
would not be able to run upon our present roads better than Gurney’s did ; or, 
at the least, quite as well. We may, therefore, confidently expect, that a due 
sense of justice wiU induce these eminent authors, in the next editions of their 
valuable works, to insert, instead of the name of Gurney, that “ Trevithick’s 
name stands before all others in point of time, and his admirable high pressure 
engines and locomotive carriages wdl be recorded as the origin and cause of the 
success of others in the same pursuits.” 

We described at page 381, the edge-rail of. the Penryhn slate quarries; but 
it appears from a letter inserted in the Repertory of Arts, that the inventor, 
Mr. Benjamin W yatt, subsequently pro- 
posed to make some alterations therein. 

It was found that the oval-formed rail 
had a tendency to wear the concave 
rims of the wheels away very fast into 
hoUows, which fitted so tight upon the 
rail as to create great friction, and 
render it necessary to change the 
wheels very often. It was accordingly 
proposed to substitute for them a rail 
and wheel formed 'in the manner re- 
presented in the annexed drawing. Fig.X 
i.s a section of the rail, rim of wheel, 
and sill. Fig. 2, a plan of one end of 



RAILWAYS. 


3f)5 



Fig. 3. 


sill. F/g. 3, section, o.n a smaller 
scale, of both rails and sills, which 
are only two feet apart. The rail 
a is 4 feet G inches long ; 6 is a 
flange 2 iiielies long, cast to each 
end of thrail, to slide into the* 
dovetail of the sill e ; ^ is the sill,* ■ '■ ■ 

now of cast-iron; the wheels c are 

also of cast-iron, only 14 inches in diameter, and w’eigh 38 lbs. each. 

In the year 1811, a patent was taken out by Mr. John Bienkinsop, coal 
viewer, of Middleton, in Yorkshire, for “certain mechanical means by which 
the conveyance of coals, minerals, and other articles is facilitated, and the 
expense attending the same rendered less than heretofore.” The specilication 
of this patent informs us that it consists of the application of a rack or toothed 
rail, laid down on one side of the roadway from end to end. Into this rack a 
toothed wheel is worked by the steam-engine; the revolution of which wheel 
produces the necessary motion, without being liable to slip in descending a 
steep inclined plane. 

'I’he accompanying figure will convey to our readers an idea of Mr. Bienkin- 



sop s plan. The boiler x is placed on a wooden or cast-iron frame //. Throuffh 
its interior passes a wrought-iron tube, of sufficient diameter to hold the fire 
and grate; this tube is carried out at the farther end of tl^p boiler, when it is 
bent upwards, arid continued sufficiently high to form tHe chimney s. « a are 
two working cylinders fixed in the boiler, and which work in the usual way • 
the piston rods are connected by cross beads to the connecting rods h b. These 
connecting rods are brought down on each side of the boiler, and tliere joined 
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to the cranks c c, (there being corresponding cranks on the other side of the 
machine,) which are placed at right angles to each other; consequently the two 
cranks on the first shaft are horizontal, and at their greatest power at the time 
the other two are passing the centre. Upon these shafts are fixed (under the 
boiler) two small toothed wheels, which give motion to a larger toothed wheel 
fixed upon an intermediate axis. A toothed wheel/is firmly keyed to the end 
of the same and revolves with the intermediate wheel. The teeth of / correspond 
with, and work into a rack R R, stretched along one side of the railway. 
Motion, therefore, is given by the pistons to the wheels dd, which they commu- 
nicate to the cog-wheel/; a progressive movement being given to the carriage by 
the teeth of / taking hold of the rack. 

The only objection made to this machine by Mr. E. Galloway is, “ that the 
power is applied on one side only, which must have a tendency to force the 
flanges or projecting rims of the supporting wheels against the edges of the 
rails, by which an extra friction would be produced. This, however, is a trifling 
inconvenience, and is not found in practice to deduct much from the effect of 
the engines, several of which have, since the date of the patent, been in con- 
stant use in drawing coal waggons between Middleton colliery and Leeds,” 
The ingenious Mr. Galloway observes, that by this machine a load may be 
drawn up a much greater declivity, than by the locomotive of Messrs. Tre^'i- 
thick and Vivian. But this observation, which appears to be repeated by every 
author on locomotion in succession, only serves to show, that they never read 
the specification of those able engineers ; otherwise, it would be readily per- 
ceived that the “ cross-grooved ” peripheries of the wheels, and the suitable 
“ fittings to railroads," had reference to this very invention of Blenkinsop’s. It 
however seems that those eminent men were not only deprived of the just 
reward of their labour and talents, but that they were on all hands subjected to 
the mortification of seeing their beautiful inventions ascribed to after-comers, 
by whom, or their friends, those very inventions were actually employed to dis- 
parage the real inventors ! 

Mr. Partington, in his history of the steam-engine, says, that Mr. Blenkinsop, 
in reply to queries put to him by Sir John Sinclair, stated that his patent loco- 
motive engine, with two eight-inch cylinders, weighs five tons; consumes two- 
thirds of a hundred-w'eight of coals, and fifty gallons of water per hour ; draws 
twenty-seven waggons, weighing ninety-four tons, on a dead level, at three and 
a half miles per hour ; or fifteen tons up an ascent of two inches in the yard ; 
when “ lightly loaded ” it travels ten miles an hour, does the work of sixteen 
horses in twelve hours, and costs 4007. 

In the following year, 1812, Messrs. William Chapman, of Durham, and 
E. W. Chapman, of Wallsend, Northumberland, took out a p.atent for “ a 
method or methods of facilitating the means, and reducing the expense, of car- 
riage on railways and other roads which they describe as chiefly consisting in 
the use of a chain, or other flexible and continuous substance stretched along 
the road to be travelled, properly secured at each end, and at suitable intervals ; 
and in the application of this chain round, or partially round a grooved barrel 
or wheel, in such manner as not to slip when this grooved wheel, which is fixed 
upon, before, or behind a carriage containing the motive power, shall be put in 
motion by that power, so that by the revolution of the grooved barrel round its 
axis, either one way or the other, it shall necessarily draw the said carriage, and 
any others which may be attached to it, within its power of action. As the 
carriage containing the motive power, when thus loaded, may be too heavy in 
some instances for the existing iron or wooden rails, if it rested on four wheels 
only, Messrs. Chapman proposed to use six or eight wheels, in order that they 
might more freely move round curves in the road, and that the weight might be 
more distributed thereon ; the pressure being thus reduced upon each bearing 
point, in the inverse proportion of the number of wheels. The means adopted 
by the patentees for carrying their invention into effect, are described at consi- 
derable length, with explanatory drawings, in their specification ; but as Mr. Wood 
informs us that the application of it failed at the Heaton Colliery, where it was 
for a time put into practical operation, and as the details of it would occupy too 
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large a space in onr pages, if inserted, we shall refer the reader to the enrolled 
document for them. The cause of the failure just mentioned is stated to have 
been owing to the waste of power arising from the excessive friction of the 
chain. There are one or two incidental observations in the specification which 
ought not perhaps to p.ass unnoticed. Allusion is made to the possibility of 
employing inflammabls gas as the motive power, which, most of our readers are 
aware, was a few years ago carried into effect by the ingenious Samuel Brown, 
and wliich we propose to describe in the course of this article. We also remark, 
although it is of little moment, that the specification contains the first proposi- 
tion we have met with for employing the common winnowing machine to force 
a current of air under the fire-place. The annexed engraving exhibits an 
elevation of one of the locomotive engines of Messrs. Chapman, which was 



employed on the Heaton Colliery. The boiler consists of a large cylinder, of 
the Trevithick kind, with the furnace and a double or return flue passing through 
it to the chimney, situate on one side of the fire door ; opposite to which is a 
chest containing the fuel of supply. The steam chamber is a large vertical 
c} finder, from which proceeds laterally a pipe to conduct the steam to two ver- 
tical cylinders, fixed on either side of the boiler. The motion of the piston 
rods actuated two vibrating beams, to which were appended two connecting 
rods, whose lower extremities worked two revolving cranks, carrying on their 
axis, spur geer, which, through the medium of a train of toothed wheels, shown, 
gave simultaneous motion to all the running wheels. The weight of this 
encine, with its water and fuel, we arc informed was six tons ; and it was set to 
woik in December 1S12, upon the railway leading from *Mr. J. G. Lambton’s 
collieries to the liver M'ear. It drew after it 18 loaded coal waggons, weighin''- 
54 tons, up a gentle ascent rising i of an inch to a yard (or 46 feet in a mile) 
at tin; rate of four miles an hour. The power of the engine was applied to the 
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running wheels as already described; and it was found that their resistance to 
slipping upon the rads was the utmost power it could exert in drawing w'aggons 
after it, which in this instance was carried to the extreme ; for although the 
friction was equal to the drawing forward the train of eighteen waggons, aj’ltr 
they were fairly in motion, it did not overcome their vis inertia until after a con- 
siderable slipping of the wheels of the carriage. 

We have introduced this notice of the earliest experiment made with the 
engine of the Messrs. Chapman, because it exemplifies, in the clearest manner, 
that precise inclination of the plane upon which the smooth wheels of a carriage, 
bearing a certain weight, will slip round, without advancing the machine. It 
also proves the necessity in such cases of increasing the friction of the opposing 
surfaces, either by augmenting the weight, or by some contrivance resembling 
those suggested by Trevithick in his specifications, which Dr. Lardner repeatedly 
in the course of his work treats as an absurd attempt to remedy an “ imaginary 
difficulty.” 

From all the information that we can glean in tracing out the early history 
of locomotion, this remarkable circumstance constantly presents itself, — that 
when Trevithick’s carriages with smooth wheels were employed upon levels, or 
slightly inclined planes, invidious comparisons with others having cogs were 
made against the former, because, as was asserted, they slipped and could not 
ascend such acclivities as the latter ; and this, notwithstanding Trevithick first 
suggested by his “ cross grooves and fittings to railroads” the very principle of 
the cogs, in a less objectionable form, and “ all other appliances to boot” of the 
engine and boiler, contained in the said locomotive! Thus Trevithick lost many 
orders, and they were given to those who adopted all the essentials of his' plans, 
without acknowledgment, and employed them as the basis of their structures. 
And when, after the lapse of years, it was found out by these gentlemen that 
smooth wheels had sufficient “ bite ” of the rail in most circumstances, they 
made that fact appear to he their own discovery ; notwithstanding it is stated in 
Trevitliick’s specification of 1802, and was confirmed by his practice; which 
practice they at first condentned with one general voice ; and when, at last, 
they were compelled to practise it also, they endeavoured to make it appear as 
vastly superior to Trevithick’s mode of surrounding his wheels “ with heads of 
nails, bolts, and claws,” which he never used at all ! 'I'hese ungenerous pro- 
ceedings against the most eminent mechanic of his time appear to have been 
going on unchecked from 1802 up to the present time, 1836. The only way 
we have of accounting for this circumstance is, that Trevithick was engaged 
during many years of his patent right in constructing his high-pressure engines 
and pumps for recovering the drowned mines of Peru, which undertaking he 
afterwards personally directed, and succeeded in accomplishing, to the astonish- 
ment oi the Peruvians. He was subsequently appointed engineer to the royal 
mint at Lima; and on his arriv-al at South America, he was received with such 
enthusiastic gratitude, that the lord warden proposed to “ erect his statue in 
sUver.” The earth now covers the n’.ortal remains of this eminent man ; but 
his memoiy- will never die : for, to use the words of Mr. Gordon, he ha’s left 
behind him “ a name as inseparably connected with high-pressure steam and 
locomotion, as that of James Watt with the condensing engine and rotary 
movement.” ° 

We now come to the description of a machine of great singularity, and 
which strongly attests the ingenuity of the contriver, Mr. William Brunton, 
of the Butterly Iron Works, in Derbyshire , and for which he took out patents. 
Itconsists in a curious combination of levers, the action of which nearly resembles 
that of the legs ot a man in walking, whose feet are alternately made to 
press against the ground of the road or railway-, and in such a manner as to 
adapt then..'elves to the various inclinations or inequalities of the surface. The 
following engraving represents this en^ne, which the inventor called his 
MECHANICAL TRAVELLER.” The boiler is nearly similar to that which we last 
escri ed. Flie cylinder a is placed on one side of the boiler ; the piston rod 
K projected out behind horizontally, and is attached to the leg a i at a, and to 
tlie reciprocating jointed bent lever above; at the lower extremity of the 
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leg ai, feet are attached by a joint at b; these feet lay a firmer hold on the 
ground, being furnished with short prongs, which prevent them from slipping, 
and are sufficiently broad to prevent their injuring the road. On inspecting the 
drawing, it will be seen that when the piston rod is projected out from the 
cylinder, it will tend to push the end of the lever or leg a from it, in a direction 
parallel to the line of the cylinder ; but as the leg a S is prevented from moving 
backwards by the end h being firmly fixed upon the ground, the reaction is 
thrown upon the carriage, and a progressive motion given to it, and this w'ill be 
continued to the end of the stroke. Upon the first reciprocating lever is fixed at 
1, a rod, 12 3, sliding horizontally backwards and forwards upon the top ot the 
boiler ; from 2 to 3 it is furnished with teeth, which work into a cog-w heel, lying 



horizontally; on the opposite side of this cog-wheel a sliding-rack is fixed, 
similar to 12 3, which, as the cog-wheel is turned round by the sliding-rack 
2 3, is also moved backwards and forwards. The end of this sliding-rod is fixed 
upon the other reciprocating lever of the leg d e, at 4. When, therefore, the 
sliding-rack is moved forwards in the direction 3 2 1, by the progressive motion 
of the engine ; and, when the piston-rod is at the farthest extremity of the 
stroke, the leg d e will be brought close to the engine ; the piston is then 
made to return in the opposite direction, moving with it the leg a h, and also 
the sliding-rack 12 3; the sliding-rack, acting on the toothed wheel, causes the 
other sliding-rod to move in the contrary direction, and with it the leg d 
Whenever, therefore, the piston is at the extremity of the stroke, and one of 
the legs is no longer of use to propel the engine forward, the other, immediately 
on the motion of the piston being changed, is ready, in its turn, to act as a ful- 
crum or abutment for the action of the moving power, to secure the continued 
progressive motion of the engine. The feet are raised from the ground during 
the return of the legs to the engine, by straps of leather or rope fastened to the 
legs at ff, passing over friction sheaves, movable in one direction only, by a 
ratchet and catch, worked by the motion of the engine. The feet are described 
of various forms in the specification, the great object being to prevent them 
from injuring the road, and to obtain a firm footing, that no jerks should take 
place at the return of the st oke, when the action of the engine came upon 
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them ; for tliis purpose they were made broad, with short spikes to lay hold of 
the ground. 

It is proper to record that this strange machine was actually put to work. 
The boiler was a cylinder of wiought-iron, 5 feet 6 inches long, 3 feet in 
diameter, and of such strength as to be capable of sustaining a pres.sure of 
upwards of <100 pounds per square inch. The working cylinder was 6 inches 
in diameter, and the piston had a stroke of 24 inches ; the step of the feet was 
26 inches, and the whole machine, including vrater, weighed about 45 cwt. 
When placed upon a railway, Mr. Brunton found that it required to move it, at 
the rate of two and a half miles per hour, a power equal to the constant pres- 
sure of 84 pounds. He then applied a chain to the hinder part of the machine, 
by H'hich, as the machine moved forward, a weight was raised at the same time 
and rate ; and he found that with steam equal to 40 or 45 lbs. pressure upon the 
square inch, the machine was propelled at the rate of two and a half miles per 
hour, and raised 112 lbs. at the same speed; thus making the whole power 
896 lbs. at two and a half miles, W'hich, at 150 lbs. the horse power, is equal to 
about six horses ; but the machine was only' designed to insure 4 horses’ power, 
and to work upon a railway rising one in thirty-six. The late Mr, David 
Gordon, in 1824, much improved the mode of operating with these substitutes 
for horses’ feet; and Mr. Gurney, in 1825, copied them very closely, as before 
noticed ; both of whose patents will be hereafter described. 

Mr. Wood, in his excellent Treatise upon Railroads, informs us that, in 1814, 
an engine upon Blenkinsop’s plan (described at page 395) was constructed at 
the Killingworth Colliery, by Mr. George Stephenson, and tried upon that rail- 
road. In that engine, it will be observed, that the cog-wheels upon the axis of 
the propeUing-wheels are double the diameter of the smaller toothed-wheels, 
which derive their action from the reciprocating motion of the connecting-rod ; 
consequently, the latter make two revolutions of each one of the cogged pro- 
pelling-wheels. The experiments were made upon a piece of edge-rail, 
ascending about 1 yard in 450 ; and it was found to drag after it, exclusive of 
its own weight, eig'ht loaded carriages, weighing altogether about 30 tons, at 
the rate of four miles an hour. The application of the two cylinders rendered 
the action of the engine regular, and secured the continual progressive motion, 
tlius remedying, Mr. Wood observes, the imperfection caused by the irregular 
action of the single cylinder and fly-wheel. When the engine had been at work a 
short time, it was soon found that there was sufficient adhesion between the wheels 
and the rail to propel the carriage ; but such was the lingering prejudice, that 
grooved sheeves were afierwards applied to the hinder travelling wheels of the 
engine, and similar grooved sheeves upon the fore-wheels of the convoy carriage 
containing the coals and water; both these were then connected by an endless 
chain ; but this contri\ ance also was soon found to be unnecessary, and the 
adhesion of the wheels alone produced the desired effect. The communication 
of the pressure of the steam upon the piston, through the means of the con- 
necting-rod and crank to the cog-wheels, produced great noise, and, in some 
parts of the stroke, considerable jerks ; each cylinder alternately propelling or 
becoming propelled by the other, as the pressure of the one upon the wheels 
became greater or less than the pressure of the other ; and when the teeth became 
worn, they produced a rattling noise. For when the leverage of one crank 
became greater than the other, the latter was propelled by the other through 
the intervening wheels; but when the former approached towards the extremity 
of the stroke, its leverage became less and less, and the leverage of the latter 
became greater, as the angle betiveen the connecting-rod and the crank 
increased; and, at a certain point, the latter preponderated. When a chan-^e in 
the action took place, the former was then the propelled, and the latter the^pro- 
pelhng power. If any play or space existed between each tooth of the cog- 
wheels, the transition of this power from one side of the teeth to the other 
always occasioned a jerk ; and this became greater as the teeth became more 
■worn, and the space between them greater. 

AU these inefficient, expensive, and troubiesoine contrivances, our readers 
Will perceive, were introduced to obviate " the assumed difficulty,” which had 
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been demonstrated ten years before to hare no existence. To get rid of the 
cumbrous wheels and p ions, and avoid the jerks and concussions consequent 
upon the last mentioned arrangement, we find Mr. Ralph Dodd and Mr 
George Stephenson, aforesaid, both of KiUingworth, taking out a ioint patent 
for various improvements in the construction of locomotive engines,” which 
was dated February 28, 1815. It consisted of the application of a pin upon 
one of the spokes of the running wheels that supported the engine : the lower 
end of the connectin^rod being attached to the cross-beam, worked up and 
uu " (The following engraving serves to explain this invention, 

although It belongs to the patented improvements subsequently introduced by 
Mr. Losh, in conjunction with Mr. Stevenson ; Mr. Dodd’s previous invention 
being combined therein.) a b represents the connectin'g-rod, the end a attached 
to the cross-beam, and the end b to one of the spokes of the wheel ; in like 
inanner the end a! of the other connecting-rod is attached to the beam of the other 
piston, and the lower end to a pin fixed in the spokes of the wheel B. By these 
means the reciprocating motion of the piston and connecting-rod is converted, 
by the pm upon the spokes acting as a crank, into a rotatory motion, and the 
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secured by the one pin or crank being kept at right 
angles to tlm other, as shown in the drawing. To effect this, the patentees had 
two methods ; to crank the axles, on which each of the wheels were fixed, with 
a connecting-rod between, to keep them always at the anglj with respect to each 
other, 01 .o use a peculiar sort of endless chain, passing over a toothed wheel on 
each axle. This endless chain consUted at first of one broad and two narrow 
links, ^aUernately fastened together at the ends with bolts; the two narrow links 




402 


RAILWAVS. 


were always on the outside of the broad link ; consequently, the distance they 
were separated laterally would be equal to the breadth of the broad link, which 
was generally about two inches, and their length three inches. The periphery 
of the wheels fixed upon the axles of the engine, was furnished with cogs, pro- 
jecting from the rina of the wheels (othenrise perfectly circular and flat) about 
an inch, or an inch and a half. When the wheel turned round, these projecting 
cogs entered between the two narrow links, having a broad link between every 
two cogs, resting on the rim of the wheel; these cogs, or projections, caused the 
chain to move round with the wheel, and completely prevented it from slipping 
round upon the rim. When, therefore, this chain was laid upon the two toothed 
wheels, one wheel could not be moved round without the other moving round 
with it, and thus secured the proper angles to the two cranks. This mode of 
communicating the action of the engine from one wheel to another, is shown in 
the drawing, the wheels A and B having each projecting cog-wheels, round 
which the endless chain passes. When the chain got worn by frequent use, or 
was stretched, so as to become too long, one of the chains of the axles could 
be moved back to tighten it again, until a link could be taken out, when the 
chain was moved back again to its former situation. 

It will he seen from this description, that Messrs. Dodd and Co.’s improve- 
ment consisted chiefly (like that of all others who succeeded) of a renovation 
of Trevithick’s plan of propulsion by the mere friction produced by the contact 
of the wheel and rail. The only material difference between the two plans 
being in the using of two working cylinders, instead of one with a fly wheel ; and 
in a method of connecting the axles, so as to cause the cranks to continue 
working at right angles to each other ; the object of this being, that when the 
one crank is passing the centre, the other shall be at its greatest power, and 
consequently aid the former in its revolution, when, for want of the momentum 
imparted to a fly wheel, it would have to stop in that situation. Upon refer- 
ence to our engraving of Trevithick’s railway engine, at page 388, our mecha- 
nical readers w ill not fail to observe that the improved mode proposed by Messrs. 
Dodd and Stevenson, of applying the power direct to the running wheels, is 
not to be compared to it in efficiency or durability. 

In the subsequent year 1816, a patent was granted to Mr. Stephenson, in con- 
junction with Mr.W. Losh, of Newcastle, for “ a method or methods of facilita- 
ting the conveyance of carriages and all manner of goods and materials along 
railways and tramways, by certain inventions and improvements in the con- 
struction of the machine, carri^es, carriage-wheels, railways, and tramways 
employed for that purpose.” The specification of this patent is more ably 
written than such documents usually were; and as it contains much valuable 
practical intelligence, we shall make some extracts from it, and accompany 
them by the necessary illustrations. The patentees commence their specifica- 
tion by explaining the distinction between edge-raih and the tram or plate-rails, 
as introductory to their improvements, which they thus explain. “ In the con- 
struction of our edge-railways, our objects arc, first, to fix both the ends of the 
rails?, or separate pieces of which the rails are formed, immovable, in or upon 
the chairs or props by which they are supported ; secondly, to place them in 
such a manner that the end of any one rail shall not project above or fall below 
the correspondent end of that with which it is in contact, or with which it is 
joined ; thirdly, to form the joinings of the rails with the pedestals or 
props which support them, in such a manner, that if these props should vary 
from their perpendicular position in the line of the way, (which in other railways 
is often the case,) the joinings of the rails with each other would remain as 
before such variation, and so that the rails shall bear upon the props as firmly 
as before. ^ 

“ In the formation of our wheels, it is our object to construct them in such 
a manner, and to form them of such materials, as shall make them more durable 
and less expensive m the repairs than those hitherto in use. This invention we 
accomplish by forming our wheels either with spokes of malleable iron, and 
rims, or bj^ making the wheels and spokes of cast-iron, with 
p , ures, or trods, of malleable iron ; and in some instances, particularly for 
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wheels of very small diameters, instead of spokes of malleable iron, we employ 
plates of malleable iron to form the junction between the naves and the cast- 
iron rims of the wheels. 

Fig. 1 is a side view of the wheels, with wrought-iron arms, aaa show the 
arms cast in the nave, and dropped into mortice holes made in the rim, 
which are dovetailed, to suit the dovetailed ends of the arms aaa. The arms 
are heated red hot previous to dropping them into the holes, in order to cause 
them to extend sufficiently for that purpose, for when cold they are too short, 
owing to the property which iron possesses, of expanding on the application of 
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heat, and of contracting again to its former dimensions on cooling down to the 
same temperature from which it was raised ; the arms, therefore, on cooling, 
are drawn with a force sufficient to produce a degree of combination between 
their dovetailed ends and the mortices of the rim, which prevents the possibility 
of their working loose ; they are afterwards keyed up ; the mortice holes are 
also dovetailed, from the tail side of the wheel, (a a, Fig. 2.) to the crease side 
(J in the same figure.) 

Fig. 2 b a cross section through the centre of the wheel, with wrought-iron 
arms. 

Fig. 3 is an end view of Fig. 2. 

Fig. 4 represents an elevation of the edge railway, showing a rail a con- 
nected with the two adjoining rails, the ends of which are shown by b b, and 
resting in the props or pedestals, the bases of which are the metal chairs that are 
bolted to the stone supports c c. The joints e e are made by the ends of the rails 
being applied to each other by what is termed a half lap ; and the pin or bolt y 
which fixes them to each other, and to the chair in which they are inserted, is 
made to fit exactly a hole which is drilled through the cl^ir and both ends of 
the rails, at such a height as to allow both ends of the rails to bear on the chair, 
and the bearance being the apex of a curve, they both bear at the same point. 
Thus the end of one rail cannot rise above that of the adjoining one ; for 
although the chair may move on the pin in the direction of the line of the 
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road, }’et the rails will still rest upon the curved surface of their bearance 
without moving. 

Fig. 5 is a cross section of our edge-railway through the middle of one of the 
chairs a, and across the ends of the two adjoining rails which are connected by 
a transverse pin ; c is the stone support or sleeper. 

Fig. 6 is a cross section of the rail o, at the centre, and shows the carriage 
c behind. 

Fig. 7 is a plan of the railway described at Fig. 1, showing the half-lap join- 
ings of the rails e e placed in their carriages d d. 

Fig. 8, in the subjoined cut, is a view of the cast-iron wheel with the malle- 
able iron tire. This wheel is made with curved spokes, as shown at a a a, and 
with a slit or aperture in the rim, shown at h, into| which a key is inserted. 
The reason of this is, that on the application of the hot tire, the cast metal 
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expands unequally, and the vim is liable to be cracked, and the rims drawn off, 
unless the first is previously slit or opened, and the latter curved, which allow 
them to accommodate themselves to the increased diameter of the wheel ; by 
this formation of the wheel, the tire may be placed on when cold, and keyed 
up afterwards. 

Fig, 9 is a cross section of Fig. 8, through the centre, a a show the tire ; 
h b the metal rim. This cast metal rim is dovetailed ; so that W'hen the tire, 
which is dovetailed to suit it, is put on hot, it contracts, and applies itself to the 
rim with a degree of adhesion which prevents its coming off from the motion 
of the wheel on the railway. This wheel is of the form to suit an edge-railway ; 
and to make it answer for a plate-rail, it only requires the rim to be flat. 

Fig. 10 is an end view of Fig. 8 without the malleable iron tire. 

W e now proceed to the description of -the volley or tram wheels, designed to 
move upon a plain railway, as illustrated in the subjoined wood cuts. 

Fig. 1 1 represents a view of a roUey or tram wheel ; o a a are the malleable 

Fig. 12. Fig. 11. Fig. 1,1. 




iron arms, fastened to the projections hbb on the inside of the rim c c bv the 
bolts dd. ’V 
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Fig. 12 is a cross section of Fig. 11, through the centre of the wheel; a a 
show the arms, c c the rim, d d the bolts. 

Fig. 13 represents a view of a rolley or tram-wheel, with a plate of malleable 
iron a a a, to form the junction between the nave b b, and the cast metal rim c c. 

Fig. 14 is a cross section of Fig. 17. a a show the plate upon which the 
nave bb is cast ; c c show the cast-iron rim which is cast upon the plate, the 
edges of which plate are previously covered with a thin coating of loam and 
charcoal dust, or other fit substance, to prevent the too intimate adhesion between 
the iron plate and metal rim, so that if the rim should break, it can easily be 
taken off, and replaced by casting another on the plate. 

Fig. 15 represents Messrs. Losh and Stephenson's plate-railway. At the end 
of each plate are projections a a a, to fit into the dovetailed carriage b b, and at 
each end of each plate are projections or tenons cc, which fall into the mortice 
hole (in Figs. 16 and 17) in the carriage bb, and secure the rail from an end 
motion ; and when the pin or key is driven into its place, it secures the plates 
from rising ; and they are thus immovably fixed in their carriages. 
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Fig. 16 is a front view of Fig. 15. 

Fig. 17 is a plan of the carriage, in which a a show the holes through which 
the nails are driven to secure it to the sleeper. When the rails are laid in this 
carriage, and secured by the pin or key, they keep these nails from starting up, 
by resting upon them. 

Fig. 18 is a cross section of the carriage, and the end of one of the plate 
rails. 

Figs. 23 and 24 are a plan and front view of a rail of the plate-railway 
(which was at the date of this patent in common use in the North of England;) 
our readers will notice the difference between this and those we previously 
described. 

Fig. 25 represents a front view of the edge-railway in common use at New- 
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castle, prior to 1816; and the portion Fig. 26 shows a piece inclining out of the 
horizontal position, as they very often do from the yielding of the pedestals 
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causing of course a serious shock to the waggons in passing the joinings on 

to the next rail.” , , 

Messrs. Losh and Stephenson state that their method ot joining the parts ot 
their railway together, enables them to sustain a much greater pressure than 
those which are joined in the usual way ; and they avoid the liability to which 
the ordinary rails are subject — that of the extremity of one rail becoming 
depressed out of the plane of the adjoining one, and hence of receiving severe 
blows and shocks, which ’usually terminate in breakage; and as action and 
reaction are mutual and contrary, it follows, that if the communication of those 
shocks to their rails be prevented, the’ wheels, carriages, and engines, which 
move over them, are, from the same cause, preserved from derangement and 
destruction. As the centre of gravity in a loaded coal waggon is, from its shape, 
much elevated, the shaking to which the vehicle is subjected by small obstacles, 
especially such as usually occur at the junction of the rails, causes a considerable 
portion of the coal to be thrown out ; which loss, it is presumed, would be pre- 
vented by a more uniform motion of the carriages over a more perfect and 


stable railway. 

It is also worthy of notice, that the plates of the tram or rolley-ways em- 
ployed in coal mines, are usually fastened down by a single nail passing through 
a hole nearly at each end of the plate, and entering into a sleeper of wood. 
These nails, from the vibration of the parts in connexion, caused by the loaded 
waggons rolling over them, are apt to work loose very soon, and cause a breakage 
of the plates or rails ; to obviate which, Messrs. Losh and Stephenson have intro- 
duced the improvements described, and which appear well calculated to effect 
the object designed. 

With respect to the advantages of the wheels described, it cannot be doubted 
that the introduction of malleable iron arms into cast metal rims lias tended 
much to remedy the destructive results attending the previous use of common 
cast metal wheels; and that an economy of materia! and an increase of strength 
must have attended the change. The rims of wheels thus constructed, may also 
be case-hardened, without risk of breaking, either in cooling, or afterwards ; 
which is not the case when wheels are cast in one piece. It is also unques- 
tionable, that great economy of expense and durability of structure were 
obtained by the introduction of malleable iron tires over cast-iron wheels ; 
because, when the former wear out, the wheels may be re-perfected at a very 
trifling expense ; and the elasticity of the malleable iron has a tendency 
to moderate and render innocuous the concussions received upon the cast 
metal. 


In what relates to the locomotive engines employed upon railways, Messrs. 
Losh and Stevenson’s invention consists “ in sustaining the weight, or a part 
of the weight, of the engine upon pistons movable within cylinders, into which 
the steam or the water of the boiler is allowed to enter, in order to press 
upon such pistons ; and which pistons are, by the intervention of levers and 
connecting rods, made to bear upon the axles of the wheels of the carriage 
upon which the engine rests.” 

In the sketch on the next page. Fig. 27 represents a cross section of the 
locomotive engine on the edge-rmlway : a a are the steam cylinders, contain- 
ing the floating pistons b b, connected with the wrought iron rods c c the ends 
of which rest upon the brasses of the axles of the wheels dd. These pistons 
press equally on all the axles, and cause each of the wheels to press with an 
equal stress upon the rails, and to act upon them with an equal degree of friction, 
although the rails should' not all be in the same plane ; for the bearing brasses 
have the liberty of moving in a perpendicular direction in a groove or slide, and, 
carrying the axles and wheels along with them, free the wheels to accommodate 
themselves to the inequalities of the railway. The objects of these floating pis- 
tons are, to prevent the engine from receiving shocks, and preserve a steadiness 
of motion ; the inventors considering, that by acting on an elastic fluid, they 
produce the desired effect “ with much more accuracy than could be obtained 
by employing the finest springs of steel to support the engine.” A longitudinal 
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Fig. 27. 


section of this locomotive engine is given at page 401, in the description of 
Dodd and Stephenson’s improvements, which it equally illustrates. 

Mr. Elijah Galloway, in his His- 
tory of the Steam Engine, states that 
“ these locomotive engines have 
been long in use at Killingsworth 
CoUierj', near Newcastle, and at 
Hetton Colliery, on the Wear; 
so that their advantages and defects 
have been sufficiently submitted to 
the test of experiment ; and it 
appears that, notwithstanding the 
great exertions on the part of the 
inventor, Mr. Stephenson, to bring 
them into use on the different rail- 
roads now either constructing or in 
agitation, it has been the opinion of 
several able engineers, that they 
do not possess those advantages 
which the inventor had anticipated ; 
indeed, there cannot be a better 
proof of the doubt entertained 
regarding their utility, than the 
fact, that it has been determined 
that no locomotive engines shall be 
used in the projected railroad be- 
tween Newcastle and Carlisle ; 
since, had their advantages been 
very apparent, the persons living 
immediately on the spot in which 
they are used, namely, Newcastle, 
would have been acquainted there- 
with. The principal objections 
appear to be, the difficulty of sur- 
mounting even the sh'ghtest ascent; 
for it has been found that a rise of 
only one-eighth of an inch in a 
yard, or 18 feet in a mile, retards 
the speed of one of tliese engines 
in a very great degree ; so much 
so, indeed, that it has been consi- 
dered necessary, in some parts 
where they are used, to aid their 
ascent with their load by fixed 
engines, which drag them forward 
by means of ropes coiling round 
a drum. The steam cylinders 
below the boiler were found very 
defective, for, in the ascending 
stroke of the working piston, they 
were forced inwards by the con- 
necting-rod pulling at the wheel in turning it round, and in the descending 
stroke the same pistons were forced as much odlwards ; tliis motion or 
play rendered it necessary to increase the length of the working cylinder 
as much as there was play in the lower ones, to avoid the danger of break- 
ing or seriously injuring the top and bottom of the former by the striking of 
the piston when it is forced too much up or down. As our meaning may not 
be fully comprehended without elucidation, let us imagiife the cylinder of a 
common beam-engine to be set upon springs which have a play of one foot ; 
the weight of the cylinder, when at rest, depresses the spring six inches ; but if 
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the engine be put in motion, then, as the piston ascends and gives motion to the 
machinery, the springs helow the cylinder, being, as it were, the abutments upon 
■which the steam acts, are forced downwards against their seat with precisely the 
force that the piston exerts in overcoming the resistance of the machinery. In like 
manner, when the piston descends, as much weight or pressure will be taken off 
these springs by the same means ; the cylinder would, therefore, vibrate or dance 
upon the bearing springs; and as the motion which it thus obtains is the reverse of 
the motion then given to the piston, the length of the cylinder should be greater 
to allow for the extreme vibration to which it is liable. A quantity of steam 
would, therefore, be lost in filling up this extra length of the cylinder at each 
stroke. This would also happen if the cylinder were fixed, as usual, and the 
carriages of the crank and fly-wheel supported upon springs ; and this arrange- 
ment would then be exactly the same, in principle and effect, as the parts of 
the locomotive engine to which we now allude." In justice to Messrs. Losh 
and Stephenson, however, we are bound to acknowledge our admiration of the 
several improvements introduced by them in the carriage wheels and rails, which 
form so material a part of their specification. 

_As the two preceding patented inventions of Mr. Stephenson, in conjunction first 
with Mr. Bodd, and subsequently with Mr. Losh, were united to form one loco- 
motive engine, we could not well separate them. We must, however, now go 
back six months in our history, to place before the reader some account of a 
patent granted on the 6th of June, 1815, to that original thinker, “ Richard 
Trevithick, of Camborne, in Cornwall, engineer, for certain improvements in 
the high-pressure steam-engine, and the application thereof, with or without 
other rnachineiy, to useful purposes.” The specification contains several 
“ scantlings of inventions” of a novel and ingenious nature, that are foreign to 
our present object ; we shall, therefore, omit these parts, and confine our extracts 
to those only that appertain to locomotion. After describing a curious species of 
motive engine, he observes, with respect to a peculiar part of it — “ By putting 
flat plates or leaves upon the revolving arms within the ease, I produce a cur- 
rent of air in the manner of a winnowing machine to blow the fire : and I do 
sometimes place in the flue a screw, or a set of vanes, somewhat similar to the 


vanes of a smoke-jack, which screw, or vane, I do cause to revolve by con- 
nexion with the steam-engine, for the purpose of creating an artificial draft in the 
chimney, always proportioned to the size of the fireplace and situation of the 
chimney. By either or both of these means, I obviate the necessity of a tall 
chimney, where the engine is used for portable purposes.” Without insisting 
upon the perfect originality of the principles of this mechanism for exciting 
combustion, there appears to be novelty in the manner of applying them. But 
many of our readers will remember that a very few years ago a strongly con- 
tested trial at law took place between Mr. Galloway and Lord Cochrane, on 
one part, and Messrs. Braithwaitc and Emeson, on the other, to determine to 
■which of the parties belonged very similar contrivances to the foregoing, which 
decidedly preceded them both. 

The invention of tubular boilers, which are now so much employed in loco- 
motion, is popularly considered to have emanated from Mr. Gurney ■ but the 
fact will be repeatedly shown in these pages, that he only rendered them the 
more complex by an additional twist. This remark is drawn from us upon 
reading Trevithick s specification of 1815, already quoted from. In the extract 
which we shall next make, it will be seen that he, who was so many years prior 
to Gurney, did not pretend to be the inventor of tubular boUers, they being, in 
fach made fifty ye^ before him. He clawed simply a peculiar modificSion 
of them m the words follo^ng And I do further declare, that in order to 
make the boiler of a high pressure steam-engine of very light materials for 
portable purposes, and at the same time, strong for resisting ike pressure, as 
teeU as for exposing a large surface to the fire. I do construct the s£d boiler of 
a number of small perpendicular tubes, each tube cioserat tL bottom but 
^ opening at the top into a common reservoir, from whence they receiv^their 
water, and into whicn the steam of all the tubes is united ” In » vo/.o,>f Tom 
mittee of the House of Commons on steam-carriages, it will be recollected, that 
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some of the members were led to believe, by the evidence of civil engineers, 
that all tubular boilers, or such as held their water in small distinct chambers, 
were modifications of “ Gurney’s principle.” And the learned Dr. Gardner 
considered that the peculiar merit of the latter was the circumstance that every 
part of the boiler exposed to the action of the fire was filled with water. Those 
gentleman were of course unacquainted with the foregoing. 

The great success which attended the improvements of the railway bars by 
Messrs. Losh and Stephenson, already described, seems to have stimulated rival 
manufacturer’s in the same undertaking; for we find that in the following year 
(1817) a patent was granted to Mr. John Hawks, of Gateshead, Durham, for 
“a new method of making iron rails, to be used in the construction of rail- 
ways.” The rails at that time in use, were, for the most part, cast iron ; and 
those which w'ere of malleable iron were merely square or flat rolled bars, and 
were, consequently, as liable to be bent, as the cast were to be broken, by the 
heavy weights and concussions to which they were continually subjected. To 
obviate those defects, Mr. Hawks proposed to combine the properties of the 
two different kinds of iron, so that the combination should possess the rigidity of 
the cast metal against dead pressure, and the tenacity of the wrought to tie the 
cast metal together, should it become broken by percussion. The specification 
states that — ‘‘ Instead of making the rails or bars of cast or malleable iron, as 
those now in use are, they are a compound of malleable and cast-iron, so con- 
nected as to be stronger than if made of either kind alone. The surface is 
formed of cast iron, and the back, or under part, of malleable iron, joined 
together and formed when the metal of the former is in a fluid state ; and they 
become so inseparable that the cast iron may be broken at the nearest possible 
distances ; indeed, even inch by inch, which is scarcely possible to be occasioned 
by accident, and the rail will remain suflicient for the purposes of a railway ; 
at least, till it suits the convenience of the workmen to replace it, without inter- 
ruption to the concern in wliich the railway may be used : and as a loss by a 
broken rail of this invention will be less than one in common use, the e.xpense, 
although it may be a little more in the first instance, will be considerably less 
in the end, as the malleable iron may be used again, or as the old iron will be 
of much more intrinsic value than the other.” 

The modes of combining cast and malleable iron together in the rails are 
various ; but that which Mr. Hawks prefers, as affording the best security for 
their being firmly fixed together, is by running the cast iron, when in a state of 
fusion, on the malleable iron ; to effect which the malleable part is to be first 
forged, or otherwise prepared in that form and of that strength which the 
nature of its intended purpose or appropriation points out as most proper. That 
part of the malleable iron which is intended to be combined with the cast iron 
should be rendered rough and uneven by jagging or by perforation, by giving it 
a dovetailed form, or by any other means, so that the cast iron may firmly 
adhere thereto, without the liability of becoming loose by the violent action of 
the carriages. The malleable part must be clean, perfectly dry and warm, 'when 
laid in the mould to receive the melted iron, which should be poured in as soon 
as possible after the mould is ready to receive it, as any damp on the malleable 
iron will endanger the soundness of the cast iron part. 

The next subject in chronological order that is connected with locomotion is 
but little calculated to advance the general welfare; but there are some of our 
readers to whom it may prove sufficiently interesting and amusing. It is a very- 
ingenious modification of Brunton’s mechanical traveller, described at page 398, 
and is the subject of a patent granted to Mr. John Baynes, a cutler, of Sheffield, 
in September, 1819. The mechanism is designed to be attached to carriages for 
the purpose of giving them motion by means of manual labour, or by other 
suitable power. It consists of a peculiar combination of levers and rods, 
represented in the following drawing, in which a and 6, are treadles 
moving upon joints, and having slips or openings about »tvvo-thirds of their 
length, for the legs and rods to mos e in ; r and d are legs or crutches, which 
geer against the ground as fulcra, by which the carriage is moved forward ; e 
and / are rods wliich support the legs ; g and h are double rods, by which each 
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treadle is connected to its leg ; the leg c, the supporting rod e, and the treadle- 
rods g, are joined together by a pivot at i; the leg d, the supporting-rod/, and 
the treadle-rods A, are joined together at the pivot Tc. The mode of operating 
is described as follows : — “ Press upon the treadle a, when the rods g will bring 



by the action of the leg and rods, be impelled forward. At the same time, by 
pulling a cord I (which passes through a pulley-block m, and is connected at its 
two extremities to the rods, e and /, by the arms n and o) the leg d, the rod/, 
the rods A, and the pivot A, wilt be brought up to the situation oi c e g and i 
respectively, ready for a stroke of the treadle b, which being then raised, will 
again impel the carriage.” The patentee also states that “ there may be several 
sets of the machinery above described for working each set with a treadle ; or 
even only one set and one treadle ; but I prefer two for ordinary purposes, par 
ticularly when only a single person is intended to be convey'ed in the carriage, 
who may work the same by placing one foot on each treadle, in which the 
action will be alternate. The lower parts of the leg should be so formed or 
shod as not to slip upon the ground. This machinery may be variously applied 
to carriages, according to circumstances, so as that the treadles may be worked 
either behind or before the carriage, still producing a forward motion • in some 
cases it may be advantageous to joint the front end of the treadles to the car- 
riage, and press the feet on Uxe hind ends.” 

Our common roads, although constantly undergoing ameliorations, have not 
yet arrived at that degree of excellence to enable such machines as the’ foregoing 
to be worked by manual labour advantageously ; but we look forward to the 
period when (owing to the spirit of emulation that will be excited by the suc- 
cess of the railway system) the resistance to the motion of wheeled'^carriages 
on the public highways will be reduced to half its present amount ■ which will 
render manual locomotive carriages, in many cases, not only practicable but 
highly convenient and useful to their private owners. We would not however, 
be understood as inferring that such motive force can ever come into’successful 
competition with steam or even horse-power, as a means 
nor that such a machine as Mr. Baynes’s is calculated to api 
m the most favourable manner. Hereafter we shall have 
tlus subject. 
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Although the invention of Mr. Hawks, described at page 409, was exceedingly 
ingenious, and the execution highly creditable to the mechanical skill of cur 
“ workers of iron,” its success, as applicable to the construction of railways, was 
of short duration ; for in October, 1820, the specification of Mr. John Bivkin- 
shaw, of the Bedlington Iron Works, in the county of Durham, was enrolled for 
a mode of constructing rails entirely of malleable iron, the process of which is 
so simple, and the result so excellent, as scarcely to leave any thing more perfect 
to be desired; all the bars of our present edge-railways are made by this pro- 
cess, and are but slightly modified in form. Previous to Mr. Birkinshaw s 
improvements, the edge-rails w-ere chiefly of cast iron, resembling, for the most 
part, those described under Messrs. Losh and Stephenson’s 
patent ; and those which were formed of malleable bars were 
of the sectional shape, designated in the annexed figures in the 
margin, the first being technically called flat, and the second 
square bars. 

Mr. Birkinshaw’s attention was first drawn to the subject of 
substituting malleable for cast iron rails, by reading a Report 
made by Mr. Stevenson at that time, on the Edinburgh Rail- 
way. At page 26 of that Report, the author remarks, “ One 
point, however, deserves particular notice here, as likely to be 
attended with the most important advantage to the railway 
system, which is the application of malleable iron instead of 
cast iron rails. Three miles and a half of this description of 
railway have been in use for about eight years on Lord Carlisle’s 
works, at Tindal Fall, in Cumberland, where there are also two miles of cast 
iron rail ; but the malleable iron road is found to answer better in every respect. 
Experiments with malleable iron rails have also been made at Mr. Taylor’s 
Works, at Ayr, and Sir John Hope’s, at Pinkie; and, upon the whole, this 
method, as in the case of the Tindal Fall Railway, is not only considerably 
cheaper in the first cost than the cast-iron railway, but is also much less liable 
to accident. In the use of malleable iron bars, the joints of the railway are 
conveniently obtained about twelve feet apart, and three pedestals are generally 
between each pair of joints.” Previous to, and at the period of Mr. Birkin- 
shaw’s patent, a considerable degree of prejudice existed against the use of 
malleable iron rails, on account of their supposed liability' to waste by rust. To 
settle this question by the test of experience, the agent of the earl of Carlisle, 
at Tindal Fall (where extensive lines of both kinds of rails were in use, as 
already mentioned) was applied to for information on the subject. In a letter 
dated May, 1819, to Mr. Birkinshaw, that gentleman said — “ Our rails ate one 
and a half inches square, and stand upon stones -about ten inches square, and 
are placed at one yard distance from centre hole to centre hole. Our railway 
carries four tons weight, and has never cost us any thing yet, as to expense of 
the malleable iron, except creasing. The iron I cannot see the least alteration 
with, although it has now been laid eight years, 'The cast iron is a daily e.xpense ; 
it is breaking every day-.” The causes of the presen-ation of malleable iron 
bars, exposed to the weather, from rust, and their slow wear, may be readily 
supposed to be the constant friction to which they are subjected by the traffic, 
and to the condensation of the upper surface of the metal by the heavy weights 
rolled over it, which produces ,a hard compact coat, like that produced by cold- 
hammering steel and copper plates. The facilities which cast iron presents, of 
enabling the engineer readily to mould and run it into such forms as will com- 
bine the utmost strength with the least quantity of material (individually con- 
sidered), made it, for a long time, a favourite ; but the necessity of guarding 
against breakage, owing to the brittleness of the substance, occasioned them to 
be made so much heavier than the malleable, as to render the latter even of 
less first cost than the cast metal. It was from considerations of this nature that 
Mr. Birkinshaw was induced to attempt those improvements that are described in 
his specification ; an extract from which we shall now make, it being particu- 
larly worthy of notice, as it is descriptive of the first and perfectly successful 
attempt to roll iron bars of those varied and useful forms, which so much abridge 
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the labours of the smith and engineer, and give a higher degree of excellence 
to the products of their workshops : — 

“ My invention consists in the adaptation of wrought or malleahle iron bars 
or rails of a peculiar form, instead of cast-iron rails, as heretofore. From the 
brittle nature of cast iron, it has been found, by experience, necessary to make 
the bars of a railroad sufficiently strong to bear at least six times the weight 
intended to be carried along the road, by which the original cost of a railroad 
was considerably augmented ; or if light rails were used, the necessity of fre- 
quently repairing entailed a heavy expense upon the proprietors. To obviate 
these objections, I have invented a bar to be made of wrought, or malleable 
iron, the original cost of which will be less than the ordinary cast iron rails or 
bars, and, at the same time, will be found to require little (if any) reparation in 
the course of many years. The rails or bars which I have invented are formed 
as prisms, though their sides need not of necessity be flat. Figs. 1 and 2 show 
sections of the bar thus formed ; the upper surface upon Fig. 1. 

which the wheel of the carriage is to run is slightly convex, 
in order to reduce the friction ; and the under part rests in 
the supporting-blocks, chairs, rests, standards, or pedestals, 
which are mounted upon the sleepers. The wedge-form 
is proposed, because the strength of the rail is always in 
proportion to the square of its breadth and depth. Hence 
this form possesses all the strength of a cube equal to its 
square, with only half the quantity of metal, and, conse- 
quently, half the cost. Sufficient strength, however, may 
he still retained, and the weight of metal further reduced, 
by forming the bars with concave sides, as shown in section, 
by Figs. 3 and 4. The mode of making iron bars of a 
great variety of forms, we have already generally explained 
in our account of the iron manufacture. See Ikon. 

We shall therefore briefly describe here Mr. Birkinsbaw’s Fig. 3. 
rollers, with reference to the following figure, which repre- 
sents an elevation, or side view, of a pair of them. It 
will be observed, that the peripheries of each roller are 
indented with a series of grooves, like mouldings ; each 
groove, except one in the upper roller, corresponding in 
form with another in the lower roller that is opposite to 
it ; and that the figures represented by the hollow spaces 
left between the pair of rollers, are produced by the Fig. 4. 

opposite surfaces being brought into contact. It will 
therefore be obvious, that when a red-hot bar of iron is 
applied to the grooves of such rollers, forced round by a 
owerful steam-engine with great velocity, the iron will 
e compressed into the same form throughout its length. 

The form of rail now most approved of, which we shall have 
occasion hereafter to describe, is made by the same kind 
of machinery just noticed. It may be deserving of 
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remark, in this place, that Mr. Birkinshew sug- 
gested at the end of his specification, that his 
railway bars (eighteen feet long) should be 
welded together, end to end, continuously, so 
as to form an extensive line without any joint, 
and thus avoid the jolting and concussions 
consequent upon the carriage wheels striking 
against the ends of each length of the ordinary 
rails, where they are connected to the chairs. 
The introduction of this suggestion serves to 
show what great mistakes are made, sometimes 
by the cleverest men, for want of a little 
reflection ; and we make no doubt th.at the 
patentee became soon sensible of what most of 
our readers are aware of, that a rail so con- 
structed, without any provision for the expan- 
sion and contraction which takes place in the 
metal from atmospheric changes of tempera- 
ture, must inevitably soon be thrown into 
ruins by the twisting of the rail, and the con- 
tinual motion of the chairs and sleepers. And 
our only motive for thus noticing so singular 
an oversight is, that the inexperienced and 
confiding reader of the specification may not 
fall into a similar error. 

The long wcod-cut in the margin was de- 
signed by Mr. Birkiushaw, to exhibit his im- 
proved railway j and the long train of loaded 
coal waggons drawn by a single horse, serves 
to show the kind of waggons, and the nature 
of the power in general use at the period of the 
patent, 1820. r 

Mr. Birkinshaw also pro- 
posed the form of rail shown 
in the annexed figure, which, 
he says “maybe used to ad- 
vantage in some situations,” 
without, however, specifying 
them. We shall therefore 
take leave to remark,,in this 
place, that it is particularly 
suited to the top surface of Mr. Palmer’s sus- 
pension railway, an invention of great merit, 
which will presently appear in its chronological 
order. 

The eminent success of Mr. Birkinshaw ’s 
new rails had the effect, as might be expected, 
of stimulating the proprietors of rival and 
neighbouring iron works, to try their skill in 
the same field of invention. Hence we find 
Mr. William Losh, of Newcastle-upon-Tyne, 
obtaining an exclusive privilege for his “ certain 
improvements in the construction of iron rails for 
railroads,” on the 14th of September, 1821 ; which 
we find explained, in the enrolled parchment, to 
consist, “ First, in using, placing, and fixing bars of 
malleable iron on the upper surface of a line of 
cast-iron rails or malleable iron rails, of what- 
ever form such r^s may be in the longitudinal 
direction of the rails when laid, so as to form an 
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uninterrupted line the whole length of the bar, which may he as long as it 
shall he found convenient and economical to use, and of the same breadth as 
the upper surface of the rails to which it is fixed, or a little broader or narrower. 
Secondly, in some cases 1 fix a bttnd or strap of malleable iron to the under 
surface of rails made of cast-iron, in order tliat such band or strap may, by its 
power of tension, give support to the cohesion of the parts of the cast-iron rails 
and admit of its being made lighter, and thus save expense, while it adds to 
securit}' from breakage. Thirdly, I claim as an improvement, a rail formed by 
fixing two bars of mSieable iron on their sides or edges, and fixing them in that 
position by bolts and studs, or by any other convenient method ; and on their 
upper edges placing and fixing a flat bar of malleable iron, or one which is 
slightly curved or rounded at the edges, to diminish friction, so that the bar or 
plate, placed and fixed on the upper edges of the two malleable iron bars, shall 
form the surface upon which the wheels of the waggon or carriage are to 
revolve.” The inventor next proceeds to give “ a full and particular descrip- 
tion of all and every ” of his modes and contrivances for connecting the parts 
of this compound rail ; but as these are of too uninteresting a nature to please 
the general reader, and quite imnecessary to the practical man, we shall omit 
them. It is not, however, to be wondered at, that Mr. Losh, who was a great 
iron-founder, should endeavour to protect his own metal by a species of conser- 
vative reform, against the sweeping radical changes advocated by Mr. Birkin- 
shaw ; but all the “ bolts, chains, rivets, and straps” of the former have entirely 
failed in supporting the conservative fabric, and the iron rule of Birkinshaw 
which first manifested itself amongst the collieries of the north, has since been 
powerfully demonstrated at Liverpool and Manchester, is now about to extend 
itself to Birmingham and London, and will, doubtless, soon embrace every town 
in the empire. 

We have already observed, in the foregoing part of this article, that in the 
earliest constructed railroads, which were chiefly confined to a descending trade, 
from the coal mines to the shores of the neighbouring rivers, very little atten- 
tion was paid to the formation of planes of uniform inclinations ; and the latter 
were seldom so great as to render it difficult to draw up the empty waggons on 
their return. Very abrupt acclivities were partially levelled, and deep chasms 
and ravines only filled in ; consequently, the power which the horses had to exert 
on the same line of road fluctuated considerably. In some parts the animals were 
overworked, and in others they were an incumbrance; so that it often became 
necessary to unhook their traces, and let them follow the waggons, which 
descended simply by their own gravity. For a long period, the horse was the 
only power used upon railways. To this succeeded the application of the 
power of gravity, to cause a descending heavy body to raise a lighter up an 
opposite inclined plane, a process which had previously been employed upon 
canals, in drawing the empty boats out of the water on to a higher level, by means 
of the descent of the loaded boats down the declivity. But a little consider- 


ation will show that this kind of power can only be resorted to in peculiar cir- 
cumstances and situations. It is only where a preponderance of goods has to 
be conveyed in one direction, and where, upon any declivities occurring in the 
line of road, that preponderance is capable of overcoming the gravity of the 
returning carriages, that the action of gravity can be used to advantage. It is 
therefore, of importance, to ascertain upon what declivities, with a given preponder- 
ating load, this power is available ; the object of all such inclined planes being 
to convey down a certain quantity of goods in a given time, and to do this with 
the least expenditure of power. In forming a railroad, therefore, with the view 
of using this species of traction, it Is not only necessary that the descent of the 
plane be such as to give a preponderance to the loaded carriages over those 
which are empty, but such a preponderance as will cause them to descend 
and drag up the em^ty carriages with the requisite velocity. For if we give to 
the plane a greater degree of inclination than requisite, we expose the^ ropes 
and carriages to an unnecessary strain, and consequently to additional we ir 
and cost ; and if the inclination be not sufficient, the proper performance will 
not be accomplished. The laws which govern bodies descending inclined 
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planes Lave been very ably developed by Mr. 
Nicholas Wood, in bis Practical Treatise on 
Railroads, accompanied with such illustrations 
as win render the subject a matter of easy cal- 
culation to those of our readers who may be 
interested in the subject ; to which work we 
have, therefore, great pleasure in referring 
them. We shall, however, here avail ourselves 
of the description given by that eminent engi- 
neer, of the manner of working self-acting 
inclined planes in the neighhourhood of New- 
castle-upon-Tyne. 

The annexed figure represents a ground 
plan of the wheel ww ot & self-acting inclined 
plane, round the rim of which the rope winds, 
by which the loaded carriages drag the empty 
ones up the plane. The wheel is generally of 
cast-iron, about six feet diameter, witli six 
spokes, and a grooved rim for the rope to wind 
upon, the groove being only of sufficient widtli 
to hold the rope withm it as the wheel moves 
round ; consequently the rope, when in action, 
only passes round one half of the wheeel, from 
a to 6. At the top of the plane, a square hole 
is dug, the sides of nmch are lined with 
masonry, the top being nearly upon the same 
level as the railroad ; tlie wheel is then placed 
between two frames of timber, the upper of 
which, a h and c d are shown in the drawing. 
They are kept steady by the diagonal braces 
e e. The caiviages on which the axle runs 
are placed on the front of these frames ; the 
upper one at g, and the other immediately 
below it, on which the ends of the axle that 
sustains the wheel rest, and on which it is at 
liberty to run freely round. At the top of the 
inclined plane, a certain space of ground, for 
about twenty or thirty yards, (varying accor- 
ding to the number of carriages run down at a 
time,) is made nearly level, on which the 
loaded carriages remain until they are to be 
lowered down, and on which the empty ones 
stop after their passage up the plane ; at the 
end of this level, or slightly inclining ground, 
furthest from the top of the plane, the wheel 
is placed, and small horizontal shee ves ssss ss 
are placed in the direction the rope runs, to 
prevent its being injured by dragging along 
the ground, and also to diminish its iHction. 
These horizontal sheeves are placed at inter- 
vals of every eight or ten yards upon the 
plane from one end to the other. The draw- 
ing will show the periphery of two kinds; the 
one being flat, and the other circular, and of 
a width just sufficient to admit the rope upon 
it ; their diameter about eleven inches, with a 
flange on each side to prevent the rope from 
running off : they are made most frequently 
to run upon pieces of wood, and sometimes 
upon cast-iron stands, placed upright upon the 
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middle of the road ; the axles are made of wiought-iron, and where they run 
upon the upright bearings, about three quarters of an inch diameter. The plane 
is then made into a proper slope, between the platform or level upon whicn the 
wheel is placed, and the lower extremity, when a similar flat or piece of level 
road is made, for the descending train of waggons to land upon. The slope is 
either uniform, or such as the nature of the ground will permit. Some- 
times it is necessary to make considerable bends or curves in the line of the 
road; but whatever be the form or length of the slope, it must always he termi- 
nated at each end by these flat platforms. The narrow parallel lines in the 
drawing, will show the rails as laid down upon the platform ; the wheel being 
placed below the level of the rail, the square hole is covered up, and the rails 
pass over upon the cover. In the drawing, the rails are broken off at k h, the 
cover behig removed to show the wheel. The dotted line A A, may be supposed 
to represent the one end of the platform, and the top of the plane. Three rails 
r r r are laid from this part nearly half way down the plane, of the requisite 
width between each rail, for the carriages to run upon, so that both the ascend- 
ing and descending train pass upon the middle, and- upon one of the outer 
rails ; these are continued to where the one train of waggons have to pass each 
other. The three rails, then made to branch into four, in the same man- 
ner as A A to B B, for a certain distance, sufScient to allow the carriages to 
pass each other ; these four rails then converge into two, or a single line of 
road, as shown at c c, and are so continued to the bottom of the plane, so that 
parallel lines, as shown in the drawing, will represent a complete passing. 
The empty, or ascendhig carriages will be at c c when the loaded carriages are 
at A A, and they will pass each other between K and B B’. In this form of plane, 
it will be seen, that the loaded carriages pass alternately down the sides D and 
B. For instance, if they commence their descent at D, one end of the rope 
being attached to them, and the other end being at E, at the foot of the plane, 
and fiistened to the empty carnages, the loaded carriages will pass down D, 
and when they arrive at the bottom, the empty ones will arrive at the top, at.E. 
Upon the other side of the plane, the loaded carriages, in the next operation, 
pass down the side E of the plane, and the empty ones up D. Wlien used 
for passing boats from one level to another upon canals, and also on several 
railroad^ a double line of road is laid from top to bottom of the plane, with a 
double line of rollers or shee ves ; but the reader will perceive, that in most cases, 
the one above described will answer precisely the same purpose. In very short 
planes the obliquity of the road, in passing from a double to a single line, will 
cause a retardation to the carriages, and also additional friction to the rope ; 
biU upon long planes this is scarcely felt, and the cost of a double road the 
whole distance would be considerably greater. 

When the slope of the plane is not uniform, descending more rapidly in 
some pa^ than in others, or when the descent is so great as to give more than 
a requisite preponderance to the moving power, a brake is applied to the peri- 
phery of the inclined wheel, to equalize or regulate the velocity of the carriages 
down the plane ; and, in many instances, men traverse the plane with each 
train of waggons, and apply the brake or convoy of the carriages to check 
their velocity, when required. The brake upon the inclined wheel will be per- 
ceiv^ to have no power iu checking the velocity of the carriages more tlhan 
what IS equal to the hold the rope takes upon the wheel in pacing round its 
serai-fenphety ; for if the excess of gravity of the loaded^ carriLea above 
what IS required to overcome the whole -retarding forces Ko **^,1 „ 

hold of the rope the wheel maybe com^etely stopped, and the^rop^sliS^ound 
the wheel, which m some instances, might be attended with rri j v 

vity of the plane should never be so great as to cause such au^:L.f^or 
ponderance of gravity, when such a wheel as this is used 

ing the natural difficulties of a hilly country, Mr. Beniamm TK* °’'®™™ount 
Ayton, Durham, took out a patent dated October 24, isoj f ompson, late of 
facilitating the conveyance of carriages along iron and wooj'raili' ^ n^ethod ol 
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and other roads;” in the specification of which, he 
states, that it consists in the application or use of 
two, or more, fixed engines, placed upon the rail- 
way, or other road to be used, at such a distance from 
each other as the nature of the line chosen sliall 
render most convenient, and in such a manner as 
that the action of such engines shall be interchange- 
ahle and reciprocal. Mr. Thompson says, that “ whe- 
ther the line of road rises or falls, much or little, is level 
or undulating, matters not ; the carriages, loaden and 
empty, are made to pass in both directions with a 
uniformity of progress, and at the same time with a 
despatch not heretofore known. A road on which my, 
invention is about to be applied, must be divided into 
stages, attention being given, in determining their dis- 
tances, to the nature of the line, in regard to curves 
or bends, and to the undulation of the surface. The 
nearer it approaches to a level, and the fewer, as also 
the easier, the bends are, the better will it allow of the 
stages being extended. On the other hand, should 
the line prove to be a very uneven one, with frequent 
and short bends, then the intervals or spaces between 
stage and stage will necessarily be required to be 
shortened accordingly. I shall probably be able more 
clearly to explain my method by describing a supposed 
case. Let the supposed road, to which my invention 
is to be applied, be a railway (either already in being, 
or to be made,) from a colliery to a stait^ seven and 
a quarter miles in length. A proper survey being 
taken, and a plan and section of the line made, I find 
it to be expedient to divide it into five stages, in the 
manner shown by the drawing annexed. The first 
stage of the colliery may be formed to a tolerably 
uniform ascent, by the aids of cuts and batteries, 
of one and half inch to the yard, being three-quarters 
of a mile in length, and terminating at a summit, on 
which is to be erected a steam-engine, of power sufficient 
to draw up the plane six loaden coal waggons at once, 
containing a Newcastle chaldron each, at the rate of 
seven and a half feet per second. This stage is a regular 
inclined plane, and is to be wrought according to the 
first of the modes already described as now in use ; 
for the returning empty waggons will pass downward 
by their own gravity, and take the rope with them, 
preparatory to the drawing up of another loaden set. 
The full set being drawn up in eight minutes and forty- 
eight seconds, the empty set allowed to pass down in 
seven minutes and eighteen seconds, and three minutes 
occupied in the changes at the ends, will cause one 
operation of the plane to be completed in nineteen 
minutes and six seconds. The engine which I call 
No. 1 is the first station. The second stage lies over 
a variable or undulating surface, the two extremities 
of which are distant one mile and three-quarters, and 
stand nearly level with each other, the intermediate 
country not admitting, but at too ’great a cost, of the 
line being rendered level ; the ascents and declivities 


are moderate, neither exceeding one inch in the yard ; 
and the curves or bends are easy, and not numerous. A steam-engine. No. 2, 
is erected at the farther termination, which is the second station, to be used for 
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drawing twelve loaden waggons along this stage at once at the rate of eight and 
three-quarters feet per second, and bringing along with them a rope from No. 1 
engine, which is allowed to run off a wheel, not connected with No. 1 
engine, during their passage to No. 2 engine ; upon their arrival at wliich, 
twelve empty waggons are substituted, which are drawn back to No. 1 by 
the reconnexion of the rope-wheel with that engine, bringing with them a rope 
from No. 2 engine, which is, in like manner, suffered to run off a wheel then 
thrown out of connexion with No. 2 engine. The operation of this stage, 
both from and towards the colliery, is thus carried on by the alternate action 
of Nos. 1 and 2 engines, standing at its extremities. The passage of a set 
of waggons takes up seventeen minutes and thirty-six seconds each way, 
and the changes three minutes ; making together, for a completion of the 
operation, thirty-eight minutes and twelve seconds, or double the time taken 
by a set of half the number on the first stage. The third stage is also one 
mile and three-quarters long, and very similar in regard to plan and section 
to the second stage. A steam-engine. No. 3, is placed at the third station, 
which is the furthest extremity of the stage, to draw the loaden waggons along 
the same; and the empty ones are to be taken back by No. 2 engine, in the 
manner which has just been described on the second stage. The speed, 
and the number of waggons to a set, are the same also. The fourth stage is 
more favourable than the second and third, extending over a gently undulating 
country, and being nearly straight; the fourth station, or further extremity of 
the stage, being, in point of level, twenty feet higher than the other end of it. A 
steam-engine. No. 4, is to stand at the fourth station, to be used for drawing the 
waggons from the third station. Nos. 3 and 4 engines will thus alternately act to 
each other on this stage, as Nos. 1 and 2 have been described to reciprocate on 
the second stage, and also Nos. 2 and 3 on the third stage. The length of this 
stage is two miles ; and twelve waggons are to travel together, at the rate of ten 
feet per second, which will complete the process of a passage each way, with 
the changes, in thirty-eight minutes and twelve seconds. The fifth and last 
stage, which is one mile long, declines regularly by the help of cuts and batteries, 
to the staith, averaging three-quarters of an inch to the yard. The loaden 
waggons are made to pass down ,the same, in connexion with the machinery of 
No. 4 engine, and also during the time of its drawing a set of full waggons 
along the fourth stage ; the waggons along the fifth stage moving with halt 
the velocity of the waggons along the fourth stage, or five feet per second, and 
consequently performing the journey in the same time. The advantages ot 
this cooperative movement are, that No. 4 engine, being aided by the gravity 
of the twelve loaden waggons passing down the inclined plane to the staith, 
requires only about one half the power which otherwise would have been 
necessary for drawing independently the full waggons from the third station, 
and the descending waggons themselves are restrained from proceeding too 
rapidly, and their speed accurately regulated. The engine No. 4 is used to 
draw the empty waggons back again from the staith. This mode, whereby the 
gravity of the loaden waggons passing down an inclined plane is applied in aid 
of an engine for drawing loaden waggons forward upon another stage, is quite 
new, and has never been used before ; but I do not claim it as any part of my 
said invention. The second, third, and fourth stages, are those on which my 
method is applied. Nos. 1 and 2 engines reciprocate, or act interchangeably 
with each other on the second st^e ; No. 2 drawing the loaden waggons from 
the first to the second station, and No. 1 puUmg the empty (or in cTsI of need, 
loaden) waggons back again. Engines Nos 2 and 3 operate alternately in the 
same manner with each other upon the thud stage ; and so also do Nos 3 and 
4 on the fourth stage. The engines are severally to be furnished with two rope- 
wheels, and a rope to each, of a length and strength suitable to the sta-e upon 
which they are to be used. The rope- wheels must be so constructed as to allow 
of a ready connexion, or the contrary, with their respective engines so ns to be 
capabU of being acted upra by them or of taming round, independently at the 
will of the engine man. This may be readdy accomplished by ativ one ’of the 
inodes m use with miU-wrghts for throwmg machinery into or out of geer with 
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a moving power, and does not require to be here described. I make use of very 
light friction-wheels, abed, &c. in the drawing, placed vertically, at proper in- 
tervals, to bear the ropes from the ground, where the road is straight; and round 
the curves or bends I place similar wheels, in inclined positions, for the same 
purpose. Although two miles have been mentioned as the longest of the stages 
upon the supposed road, it is practicable, under the circumstances of a favourable 
country, to extend the operation to much longer stages. Without the applica- 
tion of my invention to the supposed road, of which a detailed account has been 
given, horses would be required to draw the waggons upon the second and third 
stages, because the ascent of one inch to the yard is too great for locomotive 
engines to be used upon them, independent of the question as to their effecting a 
saving at all upon horse labour, on those level roads where they are applicable. 
Upon the fourth, or two mile stage, they might be adopted; but, from the doubt 
as to an advantage under any circumstances arising by their use, horses would 
most likely be deemed the more eligible for working it also. Compared with 
horse labour, my method would, upon those three stages, effect, in all proba- 
bility, a saving of seventy-five per cent. In cases of greater inequality of sur- 
face, the saving would be in a still greater ratio. A further and very important 
reduction in the cost of a new road, would result from its adoption. In the 
formation of a road, it is generally necessary to make deep cuts, and raise high 
batteries, in order to obtain a uniformly rising, falling, or level surface : and it 
frequently happens, too, that the direct line of way must be materially diverged 
from, to favour that purpose. My plan dispenses with such nice attention to 
regularity, the engines being capable of surmounting acclivities, and the wheels 
which give out the following or passive rope, affording the means of restraining 
the too rapid progress of a waggon down a declivity. In short, there is no 
country, however uneven or vaiiable its surface, but that may, by my method, 
be traversed. For conveying minerals underground, where the unevenness of 
the strata and their general disposition to undulation do not allow of a uniformly 
ascending, descending, or level road, my invention is peculiarly applicable. 
Briefly, then, and it will easily be collected from what has been said, ‘ My 
method of facilitating the conveyance of carriages along iron and wood rail- 
ways, tramways, and other roads,’ is the reciprocal action of two engines, stand- 
ing at the extremities of a stage, or portion of road to be travelled over, one 
engine drawing the carriages forward in a direction towards itself, and along 
with them a rope from the other engine; which rope, in its turn, pulls the same 
or other waggons, by means of the other engine, back again, and also a rope 
therewith — thus, by the alternately active and passive agency of two ropes, are 
the powers of fixed engines made to act in opposite directions, thereby causing 
a road to be traversed both ways, by loaden or empty carriages, at any desired 
speed. It is the reciprocal and interchangeable application of power, as hath 
been described, which I claim to be my invention.” 

The inventor had an opportunity of putting his plan into execution, imme- 
diately after the sealing of his patent, at Ouston colliery, in the county of 
Durham, and about seven miles from Newcastle, upon a length of line of seven 
and a quarter miles, as in the supposed case mentioned in the specification. 
The principle was, however, at that time only applied through the medium of 
two steam-engines, previously used in drawing lo.iden waggons up inclined planes. 

The distance of the two engines from each other was 2315 yards, the upper 
end whereof is a steep inclined plane, 32*3 yards long, up which the carriages 
were drawn by the Ayton engine; and the remaining portion, which is 1992 
yards, which had previously been worked by ten powerful horses, the ascent of 
it being 65J feet, but not a regular acclivity. The engine at the lower end was 
for the purpose of drawing loaden waggons up an inclined plane extending 387 
yards in the contrary direction, or towards the colliery. The two engines, in 
addition to their former work, have been made to reciprosate with each other 
over the whole length of the horse road (which has considerable curves and 
irregularities) according to the mode described in the foregoing specification 
npon the second, third, and fourth stages. 
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Six loaden waggons, coupled together, carrying the same number of New- 
castle chaldrons, or 15 tons 18 cwt. of coals, pass upward at a speed of 10 J feet 
per second, or 7 miles an hour, with the greatest ease and certainty, affording 
a despatch by no means derived previously from the use of animal power. 
The two extremities being visible to each other, are furnished with flags, to 
give alternate signals of the readiness of the waggons to proceed. When 
the atmosphere is hazy, and the flags cannot be seen, signals are made by 
drawing forward the rope three or four yards with the engine, at that end 
which the waggons are intended to go, and which is instantly perceived at the 
other end. And in the dark, (for the work is daily prosecuted during five or 
six hours' absence of light during this period of the year,) signals are given by 
a fire kept up at each end for lighting the workmen, which is shut from, or 
opened to, the view of the opposite extremity by means of a door. A person 
accompanies the waggons constantly, seated in a chair fixed securely upon the 
fore end of one of the soles of the leading waggon of the set, which is easily 
removed from one to another. The use of such attendant is to disengage the 
hauling rope from the waggons by means of a spring catch, in the event of any 
sudden emergency, such as the breaking of a wheel or rail, or the hazard of 
running down any object, the stage in question lying over a common. Fric- 
tion wheels of cast-iron, weighing 14 lbs. each, having an axis of malleable 
iron, turned in a lathe, and weighing 1 lb. and running upon a frame of oak, 
are placed eight yards asunder, on the straight parts of the way, and five yards 
from each other along the curves. For the letter purpose they are put into 
frames of iron and wood, which allow of an inclined position to any angle. 
The requbite inclination of the wheel, or that which is best suited to the cur- 
vature of the road, is soon found out by the road-wrights. The greatest devia- 
tion from a vertical line found necessary in the present case, was 45 degrees. 
The angle properly adapting the leaning friction-wheel, is that which allows 
of neither an upward or downward stress of the rope, but which presents the 
wheel in such a manner as that the strain of the rope shall be in a line at right 
angles with the axis. The friction-wheels are 11 inches diameter, with a groove 
2J inches deep, opening from a narrow bottom to 4J inches at the top. The 
inclining wheels have a cast-iron horn projecting 5 inches from the frame at its 
under side, to receive and guide the rope into the groove. The wheels are all 
made to run upon oak bearings, and are greased once every day ; they act 
well, and run in the lightest possible manner, occasioning a friction incredibly 
small when their number, (350,) and the lengtli and weiglit of ropes, are consi- 
dered ; for in order to preserve and keep safe the ropes, they are both housed 
every night, the last set of loaden waggons being drawn up without the tail or 
passive rope, and in the morning that rope being first conveyed upwards with 
a single empty waggon by a horse, which performs the task without difficulty at 
the common working pace of 2\ miles per hour. 

In the fourth volume of the Tramactiom of the Highland Society, are some 
very interesting papers by Mr. Scott, of Ormiston, which are descriptive of 
several ingenious methods of overcoming ascents on railroads by means of 
animal power ; they are, for the most part, unsuited to the scale of operations 
contemplated in the great lines of public railroad now forming in all parts of 
the kingdom ; but in branch communications from one line to another, and for 
facilitating the traffic and intercourse of adjacent towns and villages with tiie 
main lines, as weU as the formation of private railroads, where economy of con- 
struction is of primary importance, some of tlie suggestions of Mr. Scott appear 
to be deserving of attentive consideration. Under these impre.ssions we shall 
make a few extracts from those papers, for the information of our readers. 

In the first plan which we shall notice, waggons or carriages of any kind, as 
also boats on carriages, having wheels to correspond with the breadth of the 
radways, will contitiue as horizontal in passing up and down inclined planes, 
even of 45“ of elevation, as it travelling upon a level railway. The first idea of 
IS, was to construct waggons on purpose for ascending and descending upon 
ese steep inclined planes ; but an improvement was afterwards thought ol) by 
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which carriages of almost every description may pass up and down these 
inclined planes, provided that their wheels be fitted to the railways. 

All public lines of railway will require two distinct sets of railway tracks, 
and, consequently', the inclined planes upon it must be fitted up with machinery 
that will take up carriages upon the ascending plane, either empty or loaded, 
at the same time that empty or loaded carriages are passing down the descend- 
ing plane ; and, in like manner, let down on the descending plane either empty 
or loaded carriages, when there are neither empty nor loaded carriages to pass 
up the ascending plane : all such properties are requisite for general service on 
a public line of railway. Inclined planes that have upon tliem ascending and 
descending tracks, are called double inclined planes ; but those about to be 
described may' be called double-railed inclined planes, as both the ascending 
and descending planes have two sets of rails. 

The first step to he taken towards the formation of these inclined planes, 
is to commence at the foot of the acclivities that are proposed to be ascended 
and descended, and to cut forward a level roadway of a necessary breadth for a 
double railway, not having less than four feet in breadth between the two rail- 
ways, until a perpendicular height is gained of from eight to ten feet. This 
face is not to be left perpendicular, as in the last proposed method, but is to be 
sloped away towards the rise of the acclivity with an uniform regular shape, 
until it forms an angle of 45“ with the horizon, or an outward angle of 135“ 
with the level line of the railway. At the top of this inclined plane v/e again 
commence and cut forward a similar roadway, until the face of the cut be such 
as will admit being formed into another inclined plane, like to tlie first ; and, itt 
like manner, continue to cut forward roadways and form inclined planes, all the 
way to the top of the acclivity, or else to a height where it may be judged 
proper to strike off with a level railway. All these steep slopes are to be care- 
fully flagged with well-dressed durable stones, laid in lime ; and the sides of the 
roadways are to be properly built with a face-building, until it reach near to the 
foot of the paved slopes. Strong walls are also to be built on each side of the 
slopes with large hewn stones: the tops of these walls are to be carried up 
parallel with the slope of the pavement; and the height of e.ich of these walls, 
measuring at right angles with the pavement, may be three feet; and they are 
to be carried up to a level with the upper roadway. A middle wall of strong 
mason-work, of four feet in thickness, is to be built exactly up the middle of the 
paved slopes, corresponding precisely as to heiglit and slope with the side walls, 
and which are also to be carried to a level with the upper roadway. 

Matters being thus far arranged, the next step is to lay all the level roadways 
w'ith rails, so as to form railways of about four feet three inches between the 
tracks. Rails are not only to be laid along level roadways, but they are also to 
be laid up along the inclined paved planes, in a secure and substantial manner. 
There is, likewise, a rail to be laid upon the top of each of the side walls of the 
inclined planes, in a parallel manner to those upon the pavement, and which 
are to be securely fixed within three inches of the face of the walls. The 
length of a horizontal line between the rails that are upon the pavement, and 
those that are upon the top of the side walls, will be found to be (at the height 
that these walls are proposed to be built) four feet three inches, nearly. Now, 
if a carriage be made with two pair of wheels, all of the same diameter, having 
its fore-wheels to correspond with the railway-tracks that are upon the pave- 
ment, and its hind-wheels with a longer axis, to correspond with the distance 
between the rail-tracks that are fixed upon the top of the side walls, and the 
axles of the two pair of wheels placed at the calculated distance of four feet 
three inches from each other, — then will the’bod)' of such a carriage, when pass- 
ing up and down these inclined planes, remain equally level as if travelling along 
level railways. A carriage, such as we have described, could not travel along 
a railway with single rail-tracks, owing to the axles not being both of one 
length ; and to have a railway on each side, would be attended with much 
additional expense ; or to have small rollers on projecting ends of the hind- 
axles, would give the carriage an awkward appearance; therefore, the following 
method is proposed ■ which is, to sink a place at the foot of the inclined planes. 
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of a length, breadth, and depth fit to receive a platform carriage with four 
wheels, its fore ones to fit the rail-tracks on the pavement, and its hind wheels 
to fit the tracks that are on the top of the side walls. Upon this carriage two 
rails are to be fixed, to correspond exactly upon the level railways, and to butt 
against them. A stayed iron draught-bar is to be strongly fixed to each side of 
this carriage, to fasten the ropes to, by which the machinery is employed to 
raise up or let down the carriages. The position of the draught-bars will be 
regulated by the centre of gravity of the weight that is to be brought up. From 
this arrangement it will appear, that a waggon, such as we have placed upon it, 
or any cart or carriage whatever, that has wheels corresponding with the rail- 
way, will readily enter upon these platform carriages, which may easily be pre- 
vented from running off', white ascending or descending upon the platform, by 
means of a piece of chain fixed near to its fore end. As these platform car- 
riages are only intended to pass alternately np and down the inclined planes for 
carrying the railway carriages, it is requisite that, on reaching the top or 
bottom, the rails shall also correspond, that the waggons may leave the platform 
on the chain being unhooked that is to prevent them from running prematurely 
off. An experiment was made upon a railway having a declivity of twelve and 
a half inches in 100 feet of length, with a loaded coal- waggon, whose weight, 
including the carriage, was two tons. A middle-sized old man pushed this 
waggon down the declivity, and gave it a considerable motion ; the waggon was 
stopped when the same old man set his back against it, and brought it up to the 
above-mentioned acclivity, without much apparent difficulty. This is stated to 
show, that where the distance between the inclined planes is short, the carriages 
may be pushed along by one man upon a level railway ; or he might be put in 
possession of a kind of acceleration to be wrought by treadles, by which he 
could employ both his weight and his strength by laying hold of two handles to 
give greater power to his feet. Or, in place of cutting forward a level roadway 
to the ascending plane, it may be cut with an easy declivity, and the railway to 
the descending plane with a gentle acclivity, by which the carriages, on being 
put in motion by hand, would run of themselves to the inclined planes. By 
forming the roadways in this manner, the ascending plane would become some- 
what more, and the descending plane somewhat less, in height, than they would 
have been had the roadways been level ; but as it may be best to have both 
inclined planes of the same length, it will onl)’ be necessary to make the 
descending plane with a longer slope ; for although 45“ is here mentioned, 
there is no necessity for adhering to that angle. Where the distance between 
them is great, the level railway, and a horse to be employed to pull the carriages 
between them, is to be preferred. Although it is practicable to make inclined 
planes, upon the same principle as those described, to take up more than one 
waggon at a time, yet the power that would be required, and the several disad- 
vantages that would attend it, are such as will much more than counterbalance 
any advantage or gain to be made ; for which reason there need be no hesita- 
tion in recommending the taking up or letting down only single waggons at a 
time; and possibly it may be found that the most beneficial and eligible weight 
to be carried will not exceed two tons, including the weight of the carriage. 

The mechanical power of an inclined plane, having 45o of elevation, reduces 
the weight of two tons to that of 28.284 cwt. ; to which is to be added for 
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faction, the power required to move it along a horizontal plane. The above 
mg. i, snows an acclivity cut into four inclined planes BCD and E, in the 
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manner proposed ; the dotted line A E represents the original line of the sur- 
face, and die line E F the perpendicular height gained by the four inclined 
planes. A BCD in 2, is a section of one of these inclined planes, showimr 
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one of the side walls built with hewn stones ; the dotted figure ahc, one of the 
platform carriages at the top F G of the inclined plane, where the waggon de 
in dotted lines, has entered upon li; ^ g is another platform carriage at the 



bottom of the plane, with a waggon h i upon it, the fore-wlieels of which arc 
fixed with a piece of chain to prevent its rimning off the platform-carriage 
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Avheu in the act of ascending or descending. The wheels of this waggon are 
upon a level with the lower line of railway H I. The wheels of the platform- 
carriage are represented as travelling upon the pavement K L, and upon the 
top of the side walls M N j while kl represents a side view of part of the frame- 
work of the coiling cylinders, and m an end view of one of the cylinders ; n n 
represents one of the ropes, and the dotted figure at o one of the stayed iron 
draught-bars for fastening the ropes by which the carriages are drawn up or let 
down. The preceding Fig. 3 is partly a cross section, but chiefly an elevation of 
one of these inclined planes; ppp'p^ the rails in the bottom of the plane ; 
!?{??? rails that are upon the top of one of the side walls, and t t the waggon 
upon it. The following Fig. 4 is an elevation of the frame-work and machinery 
to be placed at the top. The coiling cylinder A A is to be placed to suit the 
ascending plane, and the cylinder B B to suit the descending plane. At M a 
coupling-box is introduced, by which the axis of the coiling-cylinder A A can 
be disengaged from that of B B at pleasure. Upon the axis of the cylinders 
C D a screw-wheel E is to he fixed, and wrought by a double-threaded endless 
screw S, that is upon the axis F F. On the lower end of this axis another 
screw-wheel G is fixed, to be wrought by another two-threaded endless screw 
H, on whose axis are two winch-handles, as represented in Fig, 5. The one 
end of the ropes that are upon the coiling cylinders A A and B, is to be fastened 
to the stayed iron draught-bars, already described. Upon the same axis, C I), 
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pinion apparatus. and 

a singfeSeVnkne “an f " te brought forward to the top of 

length of the inclEied plane and a ^ depth answerable to the 

cnned plane, and a level name cut to its bottom, to free it of water. 
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Over this pit is to be placed a long coiling cylinder, having a range of buckets 
suspended from it by ropes; the buckets are to have valves to open upuaids, 
when necessary, by means of small cords. The ropes that are to pull up the 
waggons are to pass over pulley-wheels placed in a proper position, and at a 
proper height, the one end of the ropes being fixed to the waggons, and the 
other end to the pit cylinder. The weight of water that each bucket holds 
being known, will enable the engine man to know what number to fill for the 
weight of the waggon to be drawn up ; on the necessary number being filled, 
they will then descend, and pull up the waggon : a brake-wheel is to be fixed 
on the axis of the pit-cylinder to regulate its motion. Wlien the buckets are 
at the bottom of the pit, should it be retjuired to let down a loaded waggon, the 
counter-weight is to be adjusted to the weight to be let down, by pulling a 
necessary number of the valve-cords, to permit the water to escape from the 
requisite number of buckets ; tlie ascent of the buckets and descent of the 
waggon to be regulated as before, by the brake-wheel. Should all the buckets 
be at the bottom of the pit, at a time when they are wanted to pull up another 
waggon, the ropes of all the valves are to be pulled, that the buckets may be all 
emptied ; and for this purpose there is to be, besides the range of buckets 
already mentioned, a large bucket, with a v.alve in its bottom, that opens on 
reaching the bottom of the pit, having its rope coiled the contrary way round 
the pit-cylinder, to that of the range of buckets ; this bucket is to be so sus- 
pended from the pit-cylinder, that, wlien all the other buckets are at the bottom 
of the pit, tliis shall be at the top. By filling this large bucket with water 
when at the top of tlie pit, it will descend, and occasion all the empty ones 
to ascend to the same place; and, when refilled, they will again be in readiness 
to pull up another waggon. By thus having a range of buckets, the counter- 
weight can be so regulated as to answer the weight of different carriages, 
whether loaded or unloaded. It is unnecessary to point out the simple manner 
in which the water can be directed into the diferent buckets, and stopped when 
not wanted. The perpendicular heiglit of canal-locks is very generally about 
eight feet. This appears also to be a suitable height, for the greater that the 
height is the greater will be the di-proportion of cutting and mason work, 
between a high and low inclined plane; for, by calculation, it will be found, 
that, in the formation, one of si.xteen feet high will contain 'foiu- times the 
number of cubic yards of solid cutting compared with one of eight feet, and 
require four times more face buildings, and these of much greater strength. At 
these short inclined planes the whole ropes and machinery may be roofed in, 
and kept dry in all kinds of weather; and, under the same roof, the engine- 
man and his boy may have a cabin. It is with a view to reduce the number 
of horses kept, that these short inclined planes are so much recommended, as 
also to find emplo 3 'ment for industrious labourers.” 

Mr. Thompson's plan of working inclined planes by fixed engines, lias, we 
understand, been very successfuilj-cariied into effect in many places; and so have 
some of Mr. Scott’s propositions, in a modihed form. M'e must now., however, 
leave this part of the subject, to introduce to the reader an entirelj- different 
description of railway conveyance, invented by Mr. H. R. Palmer, at present 
the engineer to the London Dock Companj-, and which was patented hv him 
on the 22d of Xovember, 1821. jTfnstead of two lines of rail laid upon the ' 
ground, as heretofore, Mr. Palmer’s railway consists of only one, wliich is 
elevated upon pillars, and carried in a straight line across the country, 
however undulating and nigged, over hills, valleys, brooks, and rivers, tlie 
pillars being longer or shorter, to suit the height of the rail above the surface 
of the ground, so as to preserve the line of the rail alu-mjs straight, whether 
the plane be horizontal or inclined The waggons, or receptacles for the 
goods, travel in pairs, one of a pair bein,g suspended on one sidHtof the rail, and 
the other on the opposite side, like panniers from the baclf of a horse. By this 
arrangement only two wheels are emidor-ed, instead of eight, to convej' a pair 
of waggons; the.se two wlicels are placed one before the other on the rail, and 
tlie axle-trees upon wliicli tlie_v revolve are made of sufficient length and 
strength to form extended arms of support, to whicl^are su.spcnded the waggons 
voe. ii. .2 H 
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or receptacles on each side of the rail, the centre of gravity being always below 
the surface of ike rail. The rods by which the waggons are suspended 
are inflexible ; hence, although the weights on each side be not equal, 
they will, nevertheless, be in equilibrio ; as may be observed in a ship, 
which, being unequally loaded, assumes such an angle with the surface as pre- 
serves the equilibrium. Although an equal distribution of the load on both 
sides is desirable, it is not necessary. .A number of carriages are linked 
together, and towed along the rail by a horse, as barges on a canal. Owing to 
the undulation of the country, the horse will sometimes be much below the rail, 
in consequence of which he is provided with a sufficient length of rope to pre- 
serve a proper angle of draught.j 

Fig. 1 is an end view of the carriage, with a cross section of the rail, and a 
pillar, showing its form, and manner of fixing. 

Fig. 2 is a side view of the railway passing over an uneven surface, with 
three of the supporting pillars of unequal length Upon the upper surface of the 
rail are seen the two carriage-wheels, and the manner of suspending the wag- 



gons or receptacles from the axletrees, which is, however, better shown by 
Fig. 1, letters I I I I. 

Fig. 3 is a plan of the same, which exhibits the comparative measurements, 
and the mode by which the receptacles are braced together. The same letters 
of reference refer to the same parts in the different figures. A, Fig. 1, repre- 
sents an upright pillar of cast iron, having, at the shoulder, a flange, which rests 
upon the surface of the ground. The pillar is formed with ribs at right angles, 
which converge towards the lower extremity, and are notched in the edges, for 
the better secmjlg it firmly in the ground. The hole in which it is to he inserted 
previously we'll rammed, by a kind of pile-driving engine, and the foot 
ot the pillar surrounded with hard materials, which are also to be rendered 
as compact as possible. Three of these pillars are shown fixed in Fig. 2, placed 
about nine feet apart. At the upper extremities of the pillars are long clefts or 
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openings, to receive the rail B, which is composed of deal planks, set on their 
edges, with their upper surface C defended by cast or wroiight-iron platis, a 
little convex on the upper side. When the rail has been some time in use, and 
all has taken a bearing, a little adjustment of the line may be requisite before 
the rail is bolted to the pillars ; to effect which, a very simple and easy method 
is provided. In the cleft of the pillars, and under the rail, two wedges a a are 
introduced in opposite directions, whereby its level maj' be adjusted with the 
nicest accuracy. The wheels D D are provided with flanges, to keep them on 
the rail, and their peripheries are slightly concave, to adapt their surfaces to that 
of the rails. E E are the arms or axles ; H H are the receptacles for tlie 
goods, which are made of plate iron, and are suspended to the arms, as before 
mentioned, by the inflexible rods I I I I. To one of the arms a chain K is 
hooked, to w hich a towing-rope may be connected. Any number of carriages 
may then be attached together by chains hooked on to the angles. 

The annexed Fig. 4 is intended to exhibit a portion of the railway in use, 
and the methods by which several of the obstacles which frequently present 
themselves are overcome. On the left is seen a jointed rail, or gate, that crosses 


Fig. 4 



the road over which the carriages have just passed, and the gate swung hack, 
to leave the road open; the horse and man having just forded, the train of car- 
riages is proceeding in its course, and following another train, part of which is 
seen on the right, crossing a rail bridge, simply constructed for that pvirpose. 

Provision is made for trains of carriages that are proceeding in opposite 
directions, by means of “ sidings ” or passing places. With re.spect to loading, 
if both receptacles be not loaded at the same time, that which is loaded first 
must he supported until the second is full. Where there is a permanent lo.ading- 
place, the carriage is brought over a step or block ; but when it is loaded pro- 
miscuously, it is provided with a support connected to it, which is tinned up 
when not in use. From the small height of the carriage, the loading of those 
articles usually done by hand becomes less laborious. The unloading may be 
done in various ways, according to the substance to be discharged, tlie recep- 
tacles being made to open either at the bottom, the ends, or the sides. In some 
cases it maybe desirable to suspend them by their ends, when, turning on their 
own centres, they are easily discharged sideways. • 

Among the advantages contemplated by the patentee of this railway, maybe 
mentioned that of enabling the engineer, in most cases, to construct a railway 
on that plane which is most effectual, and where the shape of the country would 
occasion too great an expenditure on former plans-^that of being maintained in 
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a prfectly straiglit line, and In tlie facility with wliich it may always be 
adjusted ; in being unencumbered with extraneous substances lying upon it ; 
in receiving no interruption from snow, as the little that may lodge on the rail 
is cleared off by merely fixing a brush before the first carriage in the train ; in 
the facility with which the loads may be transferred from the railway on to the 
carriages, by merely unhooking the receptacles, without displacing the goods, 
or from other carriages to the railway, by the reverse operation ; in the preser- 
vation of the articles conveyed from being fractured, owing to the more uni- 
form gliding motion of the carriages ; in occupying less land than any other 
railway ; in requiring no levelling or road-making ; in adapting itself to all 
situations, as it may be constructed on the side of any public road, on the 
waste and irregular margins, on the beach or shingles of the sea-shore, — indeed, 
where no other road can be made ; in the original cost being much less, and 
the impediments and great expense occasioned by repairs in the ordinary mode, 
being by this method almost avoided. 

A line of railway on this principle was erected, in 1825, at Cheshunt, in 
Hertfordshire, chiefly for conveying bricks from that towni, across the marshes, 
for shipment in the river Lea. The posts which support the rails are about ten 
feet apart, and vary in their height from two to five feet, according to the undu- 
lations of the surface, and so as to preserve a continuous horizontal line to the 
rail. The posts were made of sound pieces of old oak, ship timber, and in a, 
the slot or cleft at the upper ends of the posts, are fixed deal planks twelve inches 
by three, set in edgeways, and covering with a thin bar of iron, about four 
inches wide, flat on its under side, and very slightly rounded on its upper side; 
the true plane of the rail being regulated or preserved by the action of counter- 
wedges between the bottom of die mortices, and that of the planks. By this 
rail, on the level, one horse seemed to be capable of drawing at the usual pace 
about fourteen tons, including- the carriages. 

Th#late Mr. Tredgold, whose opinion in matters of this nature will ever be 
entitled to attentive consideration, expressed himself very favourably to this 
invention in his Treatise on Railroads and Carriages: — “We expect (he 
observes) that this single railroad will be found far superior to any other for 
the conveyance of the mails and those light carriages of which speed is the 
principal object ; because we are satisfied that aroad for such carriages, must be 
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raised so as to be free from the interruptions' and crossings of an ordinarv rail- 
way.” It has generally been considered a defect in Mr. Palmer’s avrange'ment, 
hat in order to make turns in the road, it is necessary that a portion of the rail 
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should be made to turn with the carriages upon it. This defect, Mr. T. Chap- 
man, of Royal-row, Lambeth, proposed to remedy, by so constructing the 
carriage, as to enable it to turn itself upon a fixed suspension rail, whether 
curved or straight, or from one angle to another. Fig. 1 on the pieceding page 
exhibits an end view of the carriage, and Fig. 2 a side view of the same, partly 



in section, a a is the rail, hb two wheels on the rail; these carry the turning 
plates c c, each having four friction-rollers : e e, upper plates ; ff, the vertical 
axis of the wheel-frames or turn-plates c c ; they pass through the plates d and 
c, from which the boxes gg are suspended, by the lateral arms lilt and ii. 
Now as the wheels and frames h e can turn freely on their axis ff, they each 
require four guiding rollers jjjj to keep them in a right line with the rail, and 
to cause them to turn as the rail turns. These carriages should not be further 
asunder than is absolutely necessary for the required curve of the rail. The 
bottom of the carriage has a joint at one third of its length, and is held up at 
this by the hooks C- ; by removing these, the contents may be let out: the 
fixed portion of the bottom is made sloping, so that it may be readily emptied. 

About thirteen years ago it occurred to the editor of this work, that the force 
of the wind might be beneficially employed as an auxiliary power for propulsion 
on railways; and considering that the suspension principle, which had just then 
been promulgated by Mr. balmer, was better adapted to that object than anv 
other, he wrote a short paper on the subject, which was inserted in the eighth 
number of the Register of Arts, for January, 1824, under the signature of 
“ L. H.” The plan also embraced a proposition for enabling boats from the 
sea, a river, or canal, to pass out of the water, at once upon the rail, and thereon 
be propelled precisely in the same manner as the receptacles provided by the 
inventor are, and from which they scarcely need to differ in shape. Both of 
these propositions have been treated with abundance of ridicule, by persons who 
were either incapable or indisposed to reason. But one of them having, accord- 
ing to the newspapers, been recently carried into actual practice at Sunderland, 
and under less favourable circumstances, (i. e. on the common ground rail,) the 
Avriter need not dilate upon its feasibdity. And as respects the other proposi- 
tions, he will only observe, that believing it to contain the germ of somethmg 
that may hereafter proA-e of public benefit, he hesitates not to place it ji foi e 
the judgment of the reader. The folloAA'ing are extracts ^from the [i;i])er 
alluded to. “ The inhabitants of small islands, and of the sea-coast gme- 
rally, subsist chiefly upon fish ; and as they are remarkable for rol.r.-t 
constitutions, it follows that their food must be strengthening and wIioK- 
some. I propose, therefore, a raihA-ay, on Palmer’s principle, from I.ondoii tu 
the nearest seaport toAvn or fishing-place, that shall give t6 the inhabitants of tliis 
city the advantages ot a plentnul sujipiy of theche.ip and AA-holcsonte food ti joved 
by those in maritime situations. In the drawing Avhicli accompananies tins, 
the scene sketched is entirely imaginary, and is intended, /rst, to represent a 
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railway leading to a sea-port, with the carriages being propelled, according to 
the modes projected by Mr. Palmer ; the first train of carriages being drawn 
along the rail by a locomotive steam-engine, the second, more in the perspec- 
tive, is supposed to be drawn by a horse. Brighton is perhaps the most eligible 
situation for such an undertaking. By a railroad from that place, the London 
market might be supplied with a prodigious quantity of fish within three or four 
hours after their being taken from the sea, at the most trifling expense of car- 



ri^e ; and if the wind were to be employed as an muiliary propelling force, 
winch I propose, the rapidity with which the fish might generally be brought 
to our markets would give us all the advantage of a sea-port town in the pur- 
chase of It. If the Hollanders have found it practicable (as is well known) to 
sad over land in four-wheeled carriages, how much more practicable and advan- 
^gemts would it be to bring into use the admirable facilities furnished by 
Air. Palmer in his new suspension railway, in which the resistance to the motion 
of the carnages is reduced to one-twentieth part ; or in other words, wherein 
the fecdities are twenty times greater. As objections will of course be raised, 
on the score of the variableness of the wind, I must repeat, that I only propose 
It as an auxiliary power. It would rarely happen that the wind would not 
be favourable in going or returning; and it is well known that S.VV. winds 
prevail more than any other in our quarter, which would be favourable for the 
principal traffic; that is, to London. In the absence of a steam-eneine a 
horse should always be in attendance ; so that when employed in drawing a train 
of can-laps, if a favourable breeze should spring up, the sails might be spread, 
and the horse he put into one of the receptacles, where, over hii bag of corn 
fell off -niigorate himself for fresh exertions, should the wind 

drawer ™ foreground of the 

was f a canal lock. My intention in this 

Wen vessek f Practicable mode, of transferring heavily 

propeUed W -^1”“ ^ the water on to the railway, where they might be 

L The Ime than 'through the wate?; and 

at the same time show how admirably Mr. Palmer's raUwSy is adapted as a 
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branch communication to and from canals and rivers, or to form an important 
connecting line between them. In cutting a canal, which has to proceed down 
a declivity, and to ascend another, numerous locks must be constructed at an 
enormous expense ; these would cause great loss of time and inconvenience in 
the traffic, which may be obviated by the adoption of this suspension railway 
as a connecting communication. The railway I propose is to be constructed 
as usual, elevated upon pillars, and not to terminate on arrival at the lock 
gates B, but to pass over it, and terminate at the other end, just within the 
second gates A, and be supported upon pillars from the floor of the lock, the 
same as on dry ground. In the annexed cut, (which is a plan,) the double 
train of vessels are sujiposed to have all entered the lock, half on one side of 
the rail, and half on the other, and they are hooked on to the axle-trees of the 
wheels which, are already upon the rail for that purpose. The gates next to the 



river or canal are then closed, and all being fast, the water is let out of the 
lock by a sluice at D, till it falls below the bottom of the outer gates ; at which 
time the vessels are all suspended on their axles in the air. The gates being 
next opened, and the wind fair, they sail across the valley, or are propelled by 
the other means provided by the patentee.” 

Having now noticed the principal arrangements in several different kinds of 
railways, and the motive power employed, we shall proceed to inquire into the 
nature and extent of the effects produced. The resistance to the motion of 
carriages arises from three causes, whether travelling on the common road, 
or on railways ; but they vary in their relative proportions according to the 
nature of the surface passed over. Thus the resistance to the motion of a car- 
riage on the common road, arising from the obstructions or inequalities of the 
surface, to the rolling of the periphery of the wheels, is greater than that of the 
rubbing at the axles ; while on a railway, owing to the smoothness of the sur- 
face, the contrary is the case. According to the experiments made by Mr. 
Stephenson and Mr. W ood, the resistance at the periphery of the wheels on a 
good level railway does not exceed about a thousandth part of the insistent 
weight, while the same kind of resistance upon an ordinary turnpike road, 
according to our own observations, does not average less than a twenty-fifth part ; 
or forty times that of the railway. It is from the reduced amount of this, the 
first mentioned kind of resistance, that railways possess such great advantages 
for locomotion ; for in the second kind, that of the axles, the difference of fric- 
tion cannot be material, nor can the resistance from air, (the third kind,) be at 
all different, presuming, of course, that the opposed surfaces and the velocities 
are the same in each. 

Mr. Palmer, in his description of his railway, justly remarks, that if some 
accurate means of ascertaining the resistance of roads and rail v\ ays were on all 
occasions used, their improvement would be much advanced. The real value 
of either being then unequivocally compared, the amount of defect could no 
longer be a matter of mere opinion. The proprietors would then know whether 
an apparent inferiority arose from the difference of horses, or difference of cir- 
cumstances ; and it would be of great advantage to introduce a clause in con- 
tracts, which would determine the effect to be produced- The methods by 
which resistance of roads and railways has been ascertained, have not been 
sufficiently accurate, or have been too inconvenient for general use. The 
dynamometers, which denote the resistance by the degree of extension given to 
springs attached to the carriage, are convenient as portable instruments, but do 
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not denote the measure with the necessary precision. The resistances are not 
equable, from the irregularities of the surface ; neither does the force which 
draws the carriage continue equable. When horses are employed, those instru- 
ments are of no service whatever. The effect of the unequal force or resistance 
occasions a vibratory motion to the indicating point, and we can never have 
confidence in any result they exhibit. Similar defects are observable in all the 
instruments I have seen. 

“ Having had frequent occasion to ascertain these resistances, I constructed 
an instrument which, by removing the imperfection referred to, has been com- 
pletely successful. The problem was to make such an instrument as would indi- 
cate very small differences, but which would not yield suddenly to a change of 
resistance. I therefore connected to a spring dynamometer a semicircular 
close copper vessel, containing water ; at the centre is a spindle, on which an 
arm or fan is fi.xed, and which very nearly corresponds with the inside of the 
vessel. The springs are so connected with the spindle, that they cannot he 
acted upon without the arm or fan turning upon its centre, and passing through 
■water. In order to pass through the water, the latter must escape by its 
sides ; and the space being e.xtremely small, it cannot pass rapidly, but will 
yield to the smallest force.” (See a drawing and description of tliis instrument, 
under the head Dynamometer.) 

“ By way of exhibiting the difference of resistance upon different railways, I 
Have attached a table containing experiments on several. 

“The first column contains the articles conveyed ; the second, the resistance 
i n proportion to the weight ; the third, the whole eftect produced, i. e. including 
the weight of the carriage by one horse, or one bundled and fifty pounds, at 
two miles and a half per hour ; the fourlli, the usual efl’cct, or the load conveyed, 
in pounds ; the fifth, the same, in ordinary measures ; the sixth, the inclination, 
fsxpressed by decimal fractions, on which a railway, whose resistance is equal to 
that specified, should be constructed, that the resistance of the loaded carriages 
d.ownwards may be equal to that of the empty carriages upwards ; the seventh, 
the effect produced under such circumstances; the eighth, the useful effect 
under the same, the weight of the carriages being deducted. In each experi- 
ment, the power is assumed at one hundred and fifty pounds, moving at the 
rate of two miles and a half per hour. In the inclinations, the weight of the 
horse itself, as part of the effect produced, is not taken into account, that the 
table may equally serve where mechanical force is applied. Some allowance 
must therefore be made where horses are used, but the difference in the incli- 
nations given will be very trifling. 

The following table was published antecedently to the formation of the Man- 
chester and Liverpool railway, the resistance upon which, on a level plane, may 
be considered as a medium between the two last-mentioned results, that is, 
about a two-hundred and thirty-fifth part of the weight. It is also necessary that 
the reader should take into his consideration that the experiments given by 
Mr. Palmer, as respects his own railway, were conducted upon a well-made, full- 
sized model, while the others were probably upon portions of rail considerablv 
detenorat^ by wear or neglect ; for it is not otherwise possible to conceive so 
great a difference in the results, as are shown in the table ; bearing in mind that 
they are all considered to be on a level, and that the surface material of all is 
iron. Without being able to give any precise data for our opinion, our obser- 
vation h!« from to time time led us to regard the ordinary resistance upon tram- 
roads to be not half that stated by Mr. Palmer ; we therefore conclude, that the 
burry and Llanelly tramroads must have been in a very dilapidated state, or 
covered with dirt One very important fact is, however, communicated with 

le following table, that of the great difference of resistance found upon the 

in a 'T tramroad by being merely slightly covered with dust, as it exhibits 

so Juch Kf “ advantages afforded by the edge-rail, in being 

so much less liable to the lodgment of dust. v & , 6 

valuaWe if ®i°T® “f experiments, as detailed in his 

upon plate rails ’ Th u ^ i*^* ‘he results confirm our views as to the resistance 
upon plate rafis. The rads Jie used were 4 feet long, 31 inches broad where the 

wheel 
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wlieel runs upon them, and the height of the upright ledge 3 inches. In an 
e-cperiment made with two loaded carriages, each weighing 8512 lbs., cast-iron 
vrheels 39J inches diameter, inch broad upon the rim which runs upon the 
rails, brass bearings If inch broad, and diameter of axle 2| inches, tlie resist- 
ance up a certain inclined plane was found to be 168, and down the same 
126, making the mean resistance 147, which is equal to the 116tn part of the 
weight moved. 

With respect to edge-rails, it was usual, until recently, to estimate the amount 
of resistance at the two hundredth part of the insistent weight; but the improve- 
ments which have of late years been made, both in the rails and the carriages, 
have reduced this resistance to about the 240th part of the weight : according 
to which, the following table has been calculated by Mr. Wood. 


TABLE 


Showing the Resistance opposed to the Motion of a Carriage on different inclina- 
tions of Plane, the Friction being estimated at the 210tA part of the Weight. 



Inclination of the Plane equal to 1, in 


0 

100 

200 

300 

400 

500 

600 

700 

800 

900 

0 

.00416 

.01416 

.00916 

.0075 

.00666 

.00616 

.00583 

.0056 

.00541 

.00527 

10 

.10416 

.01325 

.00892 

.00738 

.0066 

.00612 

.0058 

.00557 

.00539 

.00526 

20 

.05416 

.01249 

.00370 

.0073 

.00654 

.00608 

.00577 

.00555 

.00538 

.00525 

30 

.0375 

.01185 

.00851 

.00719 

.00649 

.00605 

.00574 

.00553 

.00536 

.00523 

40 

.02916 

.0112 

.00833 

.0071 

.00643 

.00601 

.00572 

.00551 

.00535 

.00522 

50 

.02416 

.01082 

.00816 

.00702 

.00638 

.00598 

.0057 

.00549 

.00534 

.00521 

60 

.02082 

.01041 

.00801 

.00693 

.00634 

.00594 

.00568 

.00548 

.00532 

.00520 

70 

.0185 

.01004 

.00786 

.00886 

.0063 

.00592 

.00565 

.00546 

.00531 

.00519 

80 

.01666 

.00975 

.00774 

.00679 

.00624 

.00588 

.00563 

.00544 

.0053 

.00518 

90 

.01527 

.00942 

.00761 

.00672 

.0062 

.00586 

.00561 

.00543 

.00529 

.00517 


It becomes now an interesting point of inquiry to ascertain the extent of 
those several resistances to motion of which the foregoing table has given the 
total. For this purpose we are obliged again to resort to the ably conducted 
experiments of Mr. Wood; but as it would be impossible for us to give a detail 
of those experiments, or of the useful tables calculated therefrom, within the 
compass of our article upon this subject, we must content ourselves with a 
notice of the results derived therefrom, and to refer the reader who may be 
desirous of more precise information to the author’s valuable work. 

Mr. Wood found that the ratio of resistance to the rolling of the wheels upon 
a railway, was not increased by an increase of the weight in the carria<re ; Ld 
they were very nearly the same in velocity, varying from 5.50 to 14.45 feet per 
second ; so that the resistance hg the ro'&ig of the wheels is an uniformly retarding 
force, both with respect to velocity and weight. Taking the resistance of the 
wheels as equal to Ihe 1000th part of the weight, and knovring the whole 
amount of resistance, we obtain that of the friction of the axles; applying this 
to t le experiments detailed by Mr. Wood, the following results are given in that 
gentleman a work : — 
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1 

height 
of f arnage 
ID ibs , 
iDcluiling 
Wheels 
and Axles. 

Weight of 
rainage 

reatiiig on 
ibe Ax!e». 

Total 

Besistaoce 

m lbs. 

Resistance of 
wheels on 
RatU. equal to 
the JfiOOfh part 
of the 

w eight in lbs 

Resistance 

of the .Axles 

by AttntioD, 

in lbs. 

Resistance 

by 

Attrition, 

III laiix 

of the 
Weight 
in lbs 

Ratio of the 

Diameter 

i)f the Wheels 

to that oi the 
Axle, 

the latter=l 

Ratio of 

Rricuon to 

Insistent 

Weight 

1 

8540 

7280 

39. 

8.54 

30.46 

239 

12.36 

19. 

2 

2 e 04 

1344 

12.5 

2.60 

9.90 

136 

12.36 

11. 

3 

2604 

1344 

13.5 

2.60 

10.90 

123 

12.36 

10. 

4 

4816 

3584 

26. 

4.81 

21.19 

169 

12.36 

13.6 

5 

7056 

5824 

34. 

7.05 

26.95 

216 

12.36 

17.4 

G 

8512 

7280 

40. 

8.51 

31.49 

231 

12.36, 

19. 

4 

8456 

7224 

39. 

8.45 

30.55 

236 

12.36 

19. 

8 

9408 

8096 

39.35 

9.40 

29.95 

270 

11.6 

23.2 

9 

9408 

8096 

41.46 

9.40 

32.06 

252 

11.6 

21.7 

10 

9408 

8096 

44.19 

9.40 

34.79 

232 

11.6 

20. 

11 

3472 

2160 

12.73 

3.47 

9.26 

233 

11.6 

20. 

12 

9100 

7840 

39. 

9.10 

29.90 

262 

12.36 

21.2 


We thus find that, in the above experiments, the resistance b_v the attrition of 
the axles amounts, in the most favourable case, to the 23<1 part of the insistent 
weight; or, taking the numbers 1 to 6, and the following experiments, equal to 
the 20th part of the weight ; while, in some of the experiments on the empty- 
carriages, the friction appears much greater ; from whence we would be inclined 
to conclude, that the resistance is diminished by an increase of pressure. There 
is no subject in science, perhaps, on which there is a greater diversity of opinion 
than in the laws which govern friction ; and the previous experiments, though 
sufficient, in many cases, for practical purposes, yet by no means tend to bi-ing 
the inquiry into any more settled state. In Nos. 1 and 6, and the following 
experiments, the ratio onlj- varies (except in one instance) from the 1 9th to the 
21st part of the weight: and as, perhaps, in the other e.vperiments, the resist- 
ance of the wheels— the state of the axles — the construction of the carriages — 
or some other adventitious cause, might have operated to increase the friction, 
so as to induce us to leave these experiments out of the question, and take the 
former as the more correct amount ; yet still this ratio is greater than shown by 
former experimentalists. 

In some experiments by Mr. Southern, in 1801, communicated to the Royal 
Society, and printed in the sixty-fifth volume of their Transactions, the friction 
of the axles of a grindstone weighing 3700 lbs. amounted to less than the for- 
tieth part of its weight. Now there does not appear any reason why-, in well- 
constructed carriages, the resistance on the axles should be greater than in other 
machinery ; and, therefore, we are obliged to conclude, either that the resist- 
ance of the wheels must be greater than we have assigned, or that there were 
some defects in the construction, either of the carriage or axles. Under these 
circumstances, and considering the importance of obtaining the most coirect 
information on the subject, Mr. Wood had an experimental carriage made, and 
fitted up with the utmost care; the axles and bearings of which wcie of the 
best material, and were kept in use a considerable time t^fore the experiments 
were made, to render them as smooth as possible. The same wheels were used 
as in e.xperiment 12, and the experiments were also made upon the same 
piece of railroad. Bearings of brass and cast-iion were both used to ascertain 
which gave the least friction; and thecaniage was loaded with different weighu 
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to ascertain the relative resistance. The experiments, which were conducted 
with the utmost care, and repeated several times to obtain correct results, are 
given by Mr. Wood in a series of tables. We annex those which relate to the 
cast-iron bearings, as that metal evidenced in every experiment less friction 
than the above-mentioned alloy, to the amount of about one-thirteenth part. 

Experiments made on an Edge Rail-Road, Half Lap-Joints, Surface Inches 
broad; Carriage with Cast-Iron Bearings, 3 Inches broad; Viraught-Iron 
Axles, 2.9 Inches diameter; and Case-hardened Cast-Iron Wheels, 34.497 
Inches diameter. 



Weight resting on 

Axles of Carriages, exclusive of Weight of Wheels 
and Axles, = 1312 lbs. 


8960 lbs. 

6720 lbs. 

4480 lbs. 

2240 lbs. 

1120 lbs. 

Lenstb 

of 

plane 
in feet 

lime of 

desi ent 

m 

'leconds 

Fnclion 

ID parti) of 
weight. 

Time of 
descent 

ID 

secoDds 

Friction I 
ID parts of 1 
weight 

Time of 
descent 

tn 

seconds 

Friction 
in parts of 
weight. 

Time of 

descent 

ID 

seconds. 

! 

FnctioB , 
ID parts of 
sleight. 

rime of 

descent 

ID 

seconds. 

l-riction j 
ID parts of 
weight. 

100 

29. 

.002153 

29. 

.002046 

29.10 

.001869 

29.74 

.001793 

31.88 

.002035 

200 

40.95 

.002281 

40.65 

.002062 

41.35 

.002083 

42.16 

.001864 

44.50 

.002002 

300 

50.19 

002368 

50. 

.002202 

50.51 

.002118 

51.58 

.001924 

54.48 

.002062 

400 

58. 

.002134 

57.90 

.002007 

58.40 

.002006 

60.25 

.001864 

63.75 

.002007 

500 

|65.41 

.002153 

65.12 

.001989 

65.41 

.001813 

67.66 

.001821 

72. 

.002061 

Average , 
{Resistance! 


... 


... 

.001978 

■ 

.001854 

... 

.002033 


From the facts contained in the foregoing Table, the following results are 
deduced. 




Total 
Weight of 
Carnage, 
or rolling 
pressure, 
10272 lbs. , 
Weight on 
axles, or 
rubbing 
pressure, 
6960 lbs 

'Iota! ! 
Weight of , 
carnage, | 
or rolling 1 
pressure, • 

Total 
Weight of 
carnage, 
or rolling 
pressure, 
6702 lbs. : 
weight on 
axles, or 
rubbing ! 
pressure, , 
4460 lbs. , 

Total [ 
Weight of 
carnage, 
or rol ing 
pressure, 
3552 lbs. , 
weiihl on 
axles, or 
rubbing 
pressure, 

2240 Ihs 

Total 
Weight of 
carriage, 
or rolling 
pressure. 



weight OD 
axles, or { 
rubbing | 
pressure, 
6720 lbs. 

54eigbt on 
axNs, or 
rubbing 
pressure, 

1120 lbs. 

Total j 
Resistance 

j in parts of weight . . 

.002218 

.002061. 001978. OOI 854 I 

.002033 

equal to the 

452d 

485* j 

505* 

1 539* 

495* 

1 

Rolling 

[ in lbs 

22.78 

16.55 

11.46 

1 6.58 

4.94 

1 Resistance J 

■ inlbs.=.001 of weight 

10.27 

8.03 ! 

i 

5.79 

3.55 

2.43 

Friction ^ 

j in lbs 

12.51 

8.52 

5.67 

3.03 

2.51 

< 

ON Axles. | 

1 in parts of weight . . 

. .01661 

1 

.01508 

.01506 

.01609 

.02666 


' equal to the 

1 60* 

66* 

66* 

62'i 

38* 


From these experiments we find, that in a well-fitted up carriage, the whole 
resistance may be reduced to nearly the 500th part of the w eight ; and that, 
taking the resistance of the jvheels upon the rails as equal to the 1000th part of 
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the weight, the friction of attrition at the a.xles amounts to no move than tlie 
60tli part of tlie weiglit, when tlie velocity of the surfaces in contact is equal to 
the progressive motion of the carriage. The resistance from the above esperi- 
inents being so iniicli less than that previously found by practice in carriages on 
railroads, and in the pioportion of 60 to 40 less than that found by Southern, 
IMr. Wood was induced to suppose there might have been some errors either 
in the e.xperiments or calculations, though, in the prosecution of them, 
the utmost care was taken ; and the uniformity of the result, in each of tlie 
experiments, almost proves that no error could have been committed. The 
degree of polish given to the axles, though nothing more than what was effected 
by using the best materials, and causing the carriage to be run up and down the 
railroad, with the axles lubricated with the best neat’s-foot oil, may account for 
the great reduction compared with that of the former experiments; and, in this 
case, good ncat’s-foot od was used and applied at the commencement of each 
experiment; whereas, in the former expeiiments, the grea.se commonly used 
on the axles of coal-waggons was used. To put the question, however, beyond 
all doubt, and, at the same time, to ascertain more particularly all the phenomena 
of the friction of attrition, Mr. Wood had an axle fitted up, which was jilaced 
upon two chairs or bearings, by which the rubbing friction could he ascertained, 
independent of that of rolling. The axle was placed upon tw'o hearings, at 
such a height from the ground as would allow a weight to descend 30 feet; 
a wheel was fixed in the middle of the axles 2 feet diameter, around which a 
cord was wound, to the end of which a weight was attached, and rings of lead 
were fastened upon the axle to vary the weight. In each experiment the cord 
was wound round the wheel, and the weight thus elevated precisely 30 feet from 
the platform; by withdiawing a pin the weight was then let free, and, falling 
30 feet, unwound the cord, and put the axle and lead weights into rapid 
motion ; the cord tlien detached itself, and left the axle to turn freely round, 
until the friction of the axles brought it to rest. By a proper apparatus the 
time occupied, during each ten revolutions of the axle, was measured ; as, also, 
the whole time, until it came to rest: by which means not only the absolute 
amount of friction was obtained, but also the friction at different velocities ; 
and by varying the weights from 1331 lbs. to 4 HO lbs. the relative resistance, 
with different weights, was also ascertained. The principal object, however, of 
instituting this set of experiments, was to ascertain if the fiiction varied with 
the surface of bearing; and, if there was any, what size of bearing, subjected 
to a given pressure, produced the least resistance. With this view, bearings of 
3, 4^, and 6 inches, respectively, were used, the diameter of the axle being 3 
inches, and, on each of which, the successive weights of 1331, 2465, 3622, and 
4140 lbs. were placed. With these materials the number of e.xperiments made 
were more than 600, and varied in every possible way, to leave no doubt as to 
the accuracy of the result ; the weight, in each experiment, falling precisely 30 
feet. 


It is worthy' of notice in this place, that a considerable variation in the 
number of revolutions was occasioned by different modes of applying the oil. 
The axle rested upon the chairs, without any cap or 
cover, as here shown, where A represents an end A 

view of the axle, and B the chair. At the com- 
mencement of each experiment the axle was oiled 
in the usual way, with fine neat’s-foot oil ; but it 
was found, that unless the oil was continuallv feed- 
ing upon the axle as it tinned round, the result was 
never the same, unless the oil was supplied in such 
quantities, that when the axle turned round, the oil 
was heaped up against it, .as shown above, and thus kept up a continual 
supply to tlie axle. When tl.at was not the case, althihigh the axle was well 
oiled, yet, unless the oil was kept constantly feeding upon the axle as it turned 
round, a maximum efi'ect did not take place. The following Table, being one of 
the series of experiments, will show the effect. 
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Weight 

OF Axle .xxd Lead, 2465 Pounds. 

Bearing 4J 

Inches. 

Axle W'eU oiled in the Four First | 

Axle w'ell oiled in the following 

Experiments. 


Experiment. 


Namber of 

Tibration of 

Namber of 

Number of 

\ ibration of 

Komber of 

Experiments. 

Pendalum. 

Bevoiotions. 

Expenmeats 

PeDdoInm. 

Re5 0lQtl0IlS. 

274 

505 1 

238 

301 

551 

265 

275 

549 j 

258 

Oil remov 

ed from top 

of chair. 

276 

537 1 

253 

302 

454 

206 

277 

540 

252 

303 

357 

160 

Oil removed 

from top of 1 chair. 

304 

315 

140 

278 

400 

189 

305 

281 

122 

279 

332 

1.52 

306 

242 

113 

280 

290 

130 

307 

257 

110 

281 

264 

116 

308 

230 

98 

282 

249 

106 

309 

228 

95 

283 

244 

103 

310 

213 

92 

284 

235 

98 

311 

203 

87 

285 

226 

95 

312 

196 

84 

286 

222 

93 

313 

191 

81 

287 

206 

88 

314 

180 

76 

288 

206 

84 

315 

172 

71 

289 

199 

81 

316 

164 

67 

290 

188 

79 

317 

153 

65 

291 

181 

75 

318 

134 

58 

292 

168 

70 

319 

123 

54 

293 

158 

66 

320 

113 

58 

294 

150 

63 

321 

99 

43 

295 

131 

56 

322 

85 

38 

296 

114 

47 

323 

81 

36 

297 

108 

44 

Axle well 

oiled in the 

two follow- 

298 

94 

39 

ing 

experiments 


299 

91 

38 

324 

580 

278 

300 

89 

37 

325 

596 

270 


In conducting these experiments, the first four were made with the axle 
oiled, so as to keep it constantly feeding on, as shown in the figure. The weight 
being drawn up was liberated, and falling 30 feet, the respective number of 
revolutions were made before the axle came to a state of rest ; the second 
column being the time in oscillations of a pendulum vibrating 300 times in 157 
seconds. At the end of experiment 257, the oil which was resting upon the 
hearing, heaped up, as shown in the figure, was merely removed, as cautiously 
as possible, so as to allow that which surrounded the axle to remain; the weight 
was drawn up as before, and falling precisely the same distance, the number of 
revolutions was, in that experiment, 189. No additional oil being applied, the 
weight was successively diawn up and liberated as before, and the number of 
rei’olutions were found, as shown in the table, until the end of the 300th 
experiment, when the number of revolutions, by the same moving force, was 
only 37 ; during the whole of which period the axle was never touched, no oil 
was applied, and none removed. At the -end of the 300th experiment, the axle 
was again copiously oiled, so as to feed on during the whole of the 301st experi- 
inent, when the munljer of revolutions were 265. The oil was then removed 
as e ore, when the number regularlj' diminished until the 323d experiment, 
w en It was again reduced to 36 ; and when, in the next experiment, the oil 
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was applied as before, the number was increased to 278, by the same weight 
falling precisely the same distance, which, in the previous experiment, only pro- 
duced 36 revolutions. The oil used should be very fluid, so as to present the 
least resistance to the bodies sliding over one another, yet of sufficient viscidity 
to prevent them coming actually in contact. The fine purified plumbago, pre- 
pared as described under our article Plomb.igo, seems to us well deserving the 
attention of the experimentalist on the friction of running axles. It has, here- 
tofore, been used only in a very impure, and, consequently, ineffective state. 

The following Table being the result of part of the experiments previously 
alluded to, having been made upon the friction of axles alone, the bearing sur- 
faces and msistent weights of which being also more varied, will show the 
comparative effect of different sized bearings, with the finest neat's-foot oil. 


Weight of 

lead aad axle, 

ia Ibd. 

Bearing 6 Inches. 

Bearing 4§ Inches. 

Bearing 3 Inches. 

Pressure per 
square loch of 
beann^. id !bs 


1 Preasore per 
square inch of 
beanog, in tbs 

Effect 

Pressure per 
sqaare inch of 
bearing, in lbs 

Effect 

4140 

73.82 

108.96 

98.42 

117.10 

147.64 

95.88 

3622 

64.58 

99.18 

86.12 

134.46 

128.87 

122.79 

2465 

43.95 

97.22 

. 58.60 

148.12 

87.90 

183.75 

1331 

23.78 

86.62 

31.64 

117.04 

47.47 

146.01 


From the various experiments made by Mr. Wood on the friction of carriages, 
he arrived at the following conclusions ; viz. 

“ That in practice we may consider the friction of carriages moved along 
railways as a uniform and constantly retarding force. 

“ That there is a certain area of bearing surface compared with the insistent 
weight, when the resistance is at a minimum. 

“ That, when the area of bearing surface is apportioned to the insistent weight, 
the friction is in strict ratio with that weight." 

Tlie area of bearing surface in the axles of carriages, calculated to give the 
minimum of friction, he found to be one inch to every 98 lbs. of the insistent 
weight. 

We shall now proceed to the consideration of the retarding effects of the air 
to the motion of carriages, which, although inconsiderable at low velocities, 
presents a great resistance at high velocities, and becomes, at length, so con- 
siderable by a farther increase of speed, as to constitute, comparatively speaking, 
the only cause of resistance worth mentioning. The author of a series of 
papers that were published in the Scotsman some years ago, has elucidated 
this part of our subject with admirable simplicity. “ During high winds (he 
observes) this resistance is so considerable, that means should be taken (o lessen 
its amount, first, by making the vehicle long and narrow rather than broad and 
short ; and, secondly, by giving the front a round or hemispherical form. Let 
us suppose, then, tliat there are two steam vehicles, each weighing with its 
engine, fuel, and lead, 15 tons (or 30,000 lbs.) The one a steam-waggon, for 
conveying goods, 6 feet high and 5 feet wide, and having, of course, a front of 
30 square feet, which, in reference to the pressure of the air, is reduced to 15 
feet by giving it a rounded form. The other, a steaSi-coach, for carrying 
passengers, is 8 feet high, and 8 feet wide ; or 7 feet high, and 9 wide, 
presenting a front of 60 square feet, but reduced to 30 by its rounded form. 
Now, still it is found, by experiment, to press with a force of 16 grains upon a 
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body presenting a front of 1 foot square, and moving at the rate of 1 foot in a 
second, and the pressure increases as the square of the velocity. Hence, onr 
steam-coach, r\hen moving at 4 miles an hour, in a still atmosphere, would 
encounter a resistance from the pressure of the air of 2^ pounds ; at 8 miles an 
hour the resistance would be 9 lbs. ; at 12 miles an hour, 20 lbs. ; at 16 miles 
an hour, 36 lbs. ; at 20 miles, 57 lbs. The steam-waggon, presenting only half 
the surface in front, would experience only half the resistance. 

— To affect minute accuracy in calculations of this kind, is a mere 
deception. Fractional quantities are therefore rejected. In point of fact, the 
resistance increases rather faster than in the simple ratio of the surface, and the 
resistance of a sphere is less than the half of that of its diametrical section. 
On the other hand, the resistance increases In a ratio rather less than that of the 
square of the velocity. 

“ Let us assume, according to what we have already stated, that a power of 
150 lbs. would just put the steam-coach in motion ; then, if we allow an addi- 
tional power of 33 lbs. /or acceleration, making 183 lbs. altogether, we find that 
if the air did not oppose its progress, it would move over 43 miles in one hour. 
Now, since it is propelled only by a force of 33 lbs., as soon as the resistance 
of the air pressed it back with a force of 33 lbs., the acceleration would cease, 
and the motion become uniform. This would take place within 12 or 15 
minutes, and, when the velocity had risen, to 14 or 15 miles an hour. With the 
steam-waggon, presenting only half the front, the velocity would become uniform 
at 22 miles an hour. Hence we see, that if we had a perfect calm in the atmo- 
sphere, we could impel 15 tons along a railway with a velocity of 15 or 22 miles 
an hour (according to the extent of surface the vehicle presented) by a force of 
183 lbs.” 

'I'he intelligent author next proceeds to compare the resistance on a 
railway with that in a canal or arm of the sea, in a calm atmosphere. 
Although this mode of treating the subject is somewhat irregular, yet it places 
the matter in such a striking and interesting point of view, that we think the 
digression will be excused. The force required to impel a vessel weig)iing, with 
her load, 15 tons, through water at different velocities, would be as follows : — 


At 2 miles an hour 

4 

6 

8 

12 

16 

20 


50 pounds. 


200 

450 

800 

1800 

3200 

5000 


t) 

» 

it 


To ascertain the power required to move a waggon on a railway weighing 15 
tons, we have merely to add to the power necessary to overcome the friction 
(150 lbs.) a few pounds more to balance the resistance of the atmosphere at the 
velocity proposed. For the steam-coach with 30 feet front, it would be as 
follows ; — 


2 miles an hour . 

150 pounds. 

4 

1.53 


6 

155 


8 

159 


12 

170 


16 

187 


20 

208 



We ma^' now combine the two tables into one, and exhibit the results in horse 
power, as well as pounds, reckoning one horse power equal to 180 lbs. 
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i 

j Miles 

^ per hour 

( 

Boat on a Canal. | 

Waggon on 

a Railway. 

fewer 
m pouuils 

i 

Horae power. | 

Power 

ta pnands 

■ 

Horse power 

2 

50 

1 I 
3 

150 

I 


200 

1 

^ 1 

153 

S 

4r 

(> 

450 

2i 
^ ! 

155 

3 ' 

« 

800 

dj I 

159 

i 1 

12 

1800 

10 I 

170 

1 i 

16 

3200 

18 i 

187 

1 

20 

5000 

27 i 

1 

208 

n 


We see from this Table ttie astonishing superiority of the railway over the 
canal fur all velocities above 4 miles an hour. Nearly three times as much 
power would be required to move an equal mass at 6 miles per hour on a canal 
as on a railway ; 5 times as much power would be required at 8 miles an hour; 
10 times as much at 12 miles ; 15 times as much at 10 miles ; and 24 times as 
much at 20 miles an hour. It is evident, also, that an addition of power, too 
trifling to add any thitig material to the weight of the vehicle, would raise the 
terminal or uniform velocity from 4 miles an hour to 20 ; and that, speaking 
practically, it would cost no more to command a velocity of 20 miles an hour on 
a railway than a velocity of one. Except for the chances of injury to the 
railway or the vehicles, there w'ould not be the smallest reason for conveying 

f oods, even of the coarsest kinds, at 4 miles rather than at 20 miles the 
our. 

But a perfect calm in the atmosphere is very rare, and vehicles intended for 
daily and constant use must be prepared to contend with the strongest winds. 
The power must therefore be increased to such an extent as to enable the 
vehicle to travel at its wonted pace in all weathers. Now, according to 
Mr. Smeaton, a “ hard gale ” is found to sweep along the surface of the earth 
at the rate of from forty to fifty miles an hour. This velocity, which would be 
increased to sixty or seventy by that of the steam-coach when travelling at 
twenty miles an hour, would produce a resistance of six hundred pounds upon 
the thirty feet of front of the steam coach, or three hundred pounds upon the 
front of the steam waggon. With a speed of eight miles an hour, the coach 
and waggon would encounter a resistance about one-half less. The vehicles, 
however, should not be constructed entirely with a view to extreme cases ; and, 
except for the conveyance of mails and other similar purposes, an average 
velocity of twenty miles an hour for vehicles of the weight and description 
mentioned would be secured by a power varying from 200 to 500 pounds ; 
that is, from one fifth to one tenth of tlie power required to produce the same 
effect on water. We see, however, that the resistance of the air, which, in 
vulgar apprehension, passes for nothing, comes to be the greatest impediment to 
the motion of the vehicles, and may, in some cases, absorb five parts in six of 
the whole power. Let it be remembered, at the same time, that this aerial 
resistance rises into consequence solely because the high perfection of the 
machinery (the vehicle and the road) almost annihilates every othey. The 
atmosphere equally opposes the progress of the stage-coach, the track-boat, and 
the steam-boat; but the motion of these vehicles is comparatively so slow, and 
the power of impidsion required to overcome the other impediments so great, 
that the resistance of the air is disregarded. 

'i'here have been various propositions to construct the periphery and tire of 
carriage wheels, so that they may roll not only upon the common road, but also 
on- iron railways : but if this were allowed, they woiil^ be kept in order but a 

VOL. II. ;? I.- 
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very short time, owing to the injurious effects that would be produced by the 
gritty mud taken off the gravelled road and ground upon the rails. The 
temptation to use a railway in this manner is great ; for the load which required 
a horse on the common road might be drawn by a man on the railway' ; thus 
enabling them to go with a greater speed, and yet with less injury to the 
horses. Air. Wood justly' observes, that the object of all railroads being to 
present to the wheels of the carriages a smooth, straight, and level surface, all 
depressions or displacement of the rails therefore defeat the object for which 
such a road is formed; and, consequently, their formation must be on the 
principle of forming and preserving such a level and uninterrupted surface. 
The nature of the foundation upon which w'e have generally to form a railway 
renders this a task of no ordinary difficulty. Perhaps it is almost impossible to 
form an absolutely' perfect r,ailway according to the above principles ; we must 
therefore endeavour to appro.ximate as nearly as possible towards such a per- 
fection. Two modes of effecting this suggest themselves; either to form the 
joinings of the rails to the chairs in such a manner that the stone supports can 
adapt themselves to the yielding of the foundation, without disturbing the 
parallelism of the vail ; or, that the stone supports be made of that size, and be 
so embedded upon the foundation, that the weight of the carriages shall not be 
capable of disturbing them ; in which latter case the joinings of the rails to the 
chairs must be such that the action of the carriages has not the power of 
deranging the continuity of the rail. To carry the former of these modes into 
practice, and to preserve the continuity of the rail with ease and freedom, the 
stone should be capable of moving round, or assuming any degree of inclina- 
tion to the line of the road that might occur in practice, without either 
straining the pin or distorting the ends of the rails. To effect this, if the pin be 
made the centre of motion, the under side of the rail should be a portion of 
the circumference of a circle, formed from the pin as a centre ; the base of the 
chair could then be either the apex of a curve, or a circular cavity correspond- 
ing with the exterior semicircular surface of the rail. The stone might then be 
depressed on either side, without straining the pin or deranging the joints : or 
we might otherwise make the bearance of the rail upon the chair or pedestal the 
centre of motion; in such case the pin-hole should be a circular slit or opening 
formed from the bearing upon the chair as a centre ; the pin being made 
exactly to fit this cavity in a perpendicular direction, would prevent the rails 
from starting upwards out of their proper position, and the semicircular slit 
w'ould allow it to turn longitudinally ; when the stone then became depressed 
towards one side, the chair could move round without injuring the pin, or 
deranging the joints of the rails. Innumerable forms of joinings might be 
devised, every one of which might, in some degree, effect the purpose intended ; 
the essential consideration being to secure a continued and permanent paral- 
lelism in the rads, under every derangement that may take place in the supports 
on which they rest. *■ It is not enough (adds Mr. Wood) that the bearing be 
such that the rails are all in the same plane, when the stones on which they 
rest are in good order, oriu their proper position, parallel with the line of road; 
the parallelism of the rails should be preserved, when, by the yielding of the 
ground, or troin any other cause, the stones are displaced from their proper 
position, and are made to form a considerable angle with the line of road. 
It would not have been necessary to have been thus diffuse on this point, 
had I not tound that several, even ol the most modern forms of chair, were 
evidently formed contrary to this principle; many with a view of causing the 
mode of joining to keep the support or stone in its proper position, rather than 
allowing it to adapt itself to the unavoidable yielding of the ground on which 
It rests ; but the least consideration will evince the fntilitv of this, especially 
when the yielding of the ground causes the stone to rest entirely on one side ; 
It will at once be seen, that when the carriages come upon the rails, something 
must Yield and give way, by the great strain thrown upon the fastening from 
tlie oblique action of the weight.” 

Mr. Stephenson has, in forming the greatest part of the Liverpool and Man- 
cUceter railway, adoptedjhe Utter mode, and h.is endeavo.ircd to obviate those 
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difSculties and imperfections, b}- making the blocks verj' large, and embedding 
them firmly upon the surface of the road ; in the hopes tliat the weight of the 
carriages will have no effect in displacing them. here stone is readily 
obtained, though expensive in the first formation, this mode will, no doubt, be 
found ultimately to be the most beneficial, especialh' if proper care is taken to 
keep the surface on which the stones rest dry, and free from water. L*pon 
public lines of road, where the traffic is considerable, it is highly advisable to 
avoid the necessity of any interruption, by having displaced blocks to set right 
again ; and therefore it becomes the more necessary to secure their permanent 
stability in the first formation. 

On the Manchester and Liverpool railway, the rails are each five yards in 
length, and weigh thirty-five pounds each yard. The rails are supported every 
three feet upon stone blocks, each block containing nearly four feet of stone. 
Two holes, six inches deep, and one inch diameter, are drilled into each block, 
and into these are driven oak plugs ; and the cast-iron chairs, to which the rail 
is immediately fastened, are firmly spiked down to the oak plugs, forming a 
construction of great solidity and strength. On the embankments, where the 
foundations may be expected to subside, the rails are laid on oak sleepers ; thus 
there are thirteen miles of the rail resting on oak, and the remaining eighteen 
miles on stone sleepers. There are two double lines of rails, four feet apart, 
elevated above the ground rather more than 
an inch. The sectional form of the rail is 
represented in the subjoined cut at r : this 
figure is designed to exhibit the mode adopted 
by Mr. Stephenson in joining the rails to the 
chairs, which is deserving of notice. In pa.ss- 
ing the bars through the rollers, a lateral 
projection is rolled upon one side of the rail ; 
and, on one side of the cheek of the chair, a 
cavity is cast, equal in size with the projec- 
tion, as seen at a in the annexed figure. On the opposite side of the chair 
another cavity i is cast, for the purpose of receiving an iron key. When the rail 
is laid into the chair, the key is driven into the cavity A, which, pressing against 
tlie side of the rail, forces the projection a into the cavity on the opposite side, 
and tlius effectually secures the rail from rising up. 

Mr. Losh has a dift'erent mode of effecting this object. In this plan the pro- 
jection is rolled on both sides of the rail, as shown in the annexed section ; one 
of these projections enters a cavity, a, in the 
chair, as in Mr. Stephenson’s. On the cihcr 
cheek of the chair a longitudinal cavity is 
cast to receive a key, but, as sliown in the 
figure, it is a double one, acting at the same 
time upon the upper part of the projection 
on the rail, to force it down upon the chair, 
and against the side of the rail, to steady it, 
and force the projection on the other side of 
the rail into the cavity. By this mode of 
keying, if the vail works loose upon the chair, by driving the key, it can again 
be tightened. 

The plan of fastening the rails by keys is infinitely pereferable to pins ; as the 
latter are apt to work loose, and to secure them again permanently has been 
found a difficult task. 

An opinion having been extensively promulgated by the advocates for cast-iron 
rails, that those made of wrought iron, from their softness and fibrous texture, 
were liable to exfoliate and wear away fast, an investigation into the facts was 
very generally instituted, the result of which was decidedly favourable to the 
eligibility of the malleable rails. Mr. George Stephenson's report on this subject, 
corroborated as it is by other indubitable testimony, is deserving of attention. 

“ In my opinion,” says Mr. Stephenson, “ Biikin.-haw's patent wronght-iicn 
rail possesses those advantages in a higher degree than any other. It is evi- 
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dent that s\ich rails can at present he made cheaper than those that are cast, as 
the former require to be only half the weight of the latter to afford the same 
security to the carriages passing over them, while the price of the one material 
is by no means double that of the other. Wrought-iron rails, of the same 
expense, admit of a greater variety in the performance of the work, and em- 
ployment of the power upon them, as the speed of the carriages may be increased 
to a very high velocity without any risk of breaking the rails; their toughness 
Tendering tliem less liable to fracture from an impulsive force, or a sudden jerk. 
To have the same advantages in this respect, the cast-iron rails would require 
to he of enormous weight, increasing, of course, the original cost. 

“ From their construction, the malleable iron rails are much more easily kept 
in order. One bar is made long enough to extend over several blocks ; hence, 
there are fewer joints or joinings, and the blocks and pedestals assist in keeping 
each other in their proper places. 

“ On this account, also, carriages will pass along such rails more smoothly 
than they can do on those that are of cast-iron. 

“ The malleable iron rails are more constant and regular in their decay, by 
the contact and pressure of the wheel; but they will, on the whole, last longer 
than cast-iron rails. It has been said by some engineers, that the wrought-iron 
exfoliate, or separate in their laminae, on that part which is exposed to the 
pressure of the wheeL This I pointedly deny, as 1 have closely examined 
rails which have been in use for years, with a heavy tonnage passing along 
them, and on no part are such exfoliations to be seen. Pressure alone will be 
more destructive to the cohesive texture of cast iron than to that of wrought 
iron. The true elasticity of cast iron is greater than that of malleable iron ; 
i. e. the former can, by a distending power, he drawn through a greater space, 
without permanent alteration of the form ; hut it admits of very little change 
of form without producing total fracture. Malleable iron, however, is suscep- 
tible of a very great change of form, without diminution of its cohesive power ; 
the difference is yet more remarkable, when the two substances are exposed to 
pressure ; for a force which in consequence of its crystalline texture would 
c^imble down the cast-iron, would merely extend or flatten the other, and thus 
increase its power to resist the pressure. We may say, then, that the property 
of being extensible, or malleable, destroys the possibility of exfoliation as long 
as the substance remains unchanged by chemical agency. A remarkable 
difference, as to uniformity of condition or texture in the two bodies, produces 
a corresponding want of uniformity in the effects of the rubbing or friction of 
the wheel. All the particles of malleable iron, whether internal or superficial, 
resist separation from the adjoining particles, with nearly equal forces. Cast- 
iron, however, as is. the case with other bodies of similar formation, is both 
harder and tougher in the exterior part of a bar than it is in the interior. 
This, doubtless, arisss from the more rapid cooling of the exterior. The con- 
sequence is, that when- the upper surface of a east-iron rail is ground away by 
the friction of the wheel, the decay becomes very rapid, 

“ The effects of the atmosphere in the two cases are not so different as to be 
of much moment. On no malleable iron railway has oxydization or rusting, 
taken place to any important extent. 

“ I am inclined to think that this effect is prevented, on the bearing surfaces of 
much used railways, by the pressure upon them. To account for their extraordi- 
nary freedom from rust, it is almost necessary to suppose that some diminution 
takes place in the chemical affinity of the iron for the oxygen or carbonic acid. 
The continual smoothness in which they are kept by the contact of the wheels, 
has the usual effect of polish, in presenting to the de'stroying influence a smaller 
surface to act upon. The black oxyde or crust, which always remains upon 
rolled iron, appears to act as a defence against the oxydizing power of the 

atmosphere, or water. This is the reason why the rail does not rust on its 
sides. 

According to Mr. Wood, practice seems to have established the fact since the 
a ove was written, that there is no waste or destruction from oxydation or exfo- 
la ion, ana that the wear h less than in cast-iron, subjected to the same action. 
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A more severe test of comparison in the wear of wrought and cast-iron, exists 
in wheels made of the two materials; locomotive engine-wheels of the latier 
material geherall}' become, by wear, unfit for use in nine months, while the 
wrought-iron tires have worn in some cases three years, and are not yet unfit 
for use. 

One phenomenon in the difference, in the tendency to rust, between wrought- 
iron laid down as rails, and subjected to continual motion by the passage of the 
carriage over them ; and bars of the same material, either standing upright or_ 
laid down, without being used at all, is very extraordinary. 

A railway bar of wrought-iron, laid carelessly upon the ground alongside of 
one in the railway in use, shows the effects of rusting in a very distinct manner. 
The former will be continually throwing off scales of oxidated iron ; while the 
latter is scarcely at all affected. 

The first cast-iron rails were by far too weak. Scarcely any of the rails laid 
down twenty years ago are in existence ; this is partly owing to the increased 
weight now earned upon the rails, and partly to the mistaken ])olicy in the 
saving by the lightness of rails, to keep the cost below that of the wooden 
way. 

It seems necessary that the rails should be made considerably stronger than 
merely to support the weight they have to carry. The blows they are subjected 
to, from the unevenness of the road, transferring the weight alternately from 
one side of the carriage to the other, and the side shocks from projections upon 
the sides of the rails, all have a tendency to snap in two the cast-iron, or bend the 
malleable iron rails. VVe shall have occasion to introduce some more remarks on 
this part of our subject, but as they have relation to a more advanced stage of 
improvement than had been attained at this period of time, we shall here resume 
our chronological narration of the progress of invention. 

Many ingenious contrivances have been devised to enable (what has been 
termed) a carriage to carry its own railway. The generality of these inventions 
have been turned to very little account ; partly, in some cases, from their inhe- 
rent defects ; and partly, in others, from their being only useful under circum- 
stances which rarely occur, in countries like our. own, wherein mechanical 
skill and industry have done so much to mend our ways. Nevertheless some 
of these contrivances exhibit such admirable combinations of parts, that they 
are ultimately rendered subservient to other uses than those which their inven- 
tors designed them for. It not unfrequently happens that the general benefit is 
more advanced by an original clever invention, that has failed in accomplishing 
the object intended, than in one of the little every-day ameliorations which per- 
fectly succeeds. Original combinations of genius, founded upon correct scientific 
knowledge, we are disposed to venerate as the result of a pow'er that has been 
bestowed upon us by the beneficent Author of nature, to imitate, for our parti- 
cular uses, his glorious works. \Ve are therefore indisposed to pass by 
unnoticed such inventions, because they might have failed in their object on first 
application ; and believing, with the late Sir Humphry Davy, that “ a history 
of failures invariably shortens the road to success,” in mechanics as well 
asi chemistry, we hesitate not to give the matter insertion without more 
apology. 

This machine is the invention of Mr. John Richard Barry, of the Minories, 
London, and was patented in July 1821 : the design of it is to enable 
a carriage to pass over the most rugged ground, without receiving any obstruc- 
tion from large stones or other abrupt impediments lying in its path, which 
would render impassable, or be destructive to, ordinary carriages ; and in the 
case of level smooth roads, to run along them with great freedom and celerity. 
The annexed Fig. 1 exhibits a vertical longitudinal section of the machine, and 
Fig. 2 is a plan of the same ; the dotted line in this figure denoting the plane 
of delineation of Fig. 1. dd represent the rails or sidq pieces of the frame; 
e e the transverse pieces which connect them ; the rails d d are made exactly 
alike, rounded at their ends, and their edges lined with iron, so that the anti- 
friction wheels/// may roll smoothly over them. The axles of these anti-friction 
wheels revolve in plumraer blocks, each of which form, as it were, a link of an 
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endless pitclied cLain g g g, ivliicli is stretched out by, and traverses around, two 
chain wheels h h, whose axes revolve in hearings in the lateral rails d d. Tlie 
axles of the anti-friction rollers are also the axles of the running wheels o o o of 
the carriage ; the body of the latter being supported by iron arms i i, so bent 
or curved as to be clear of the wheels in their revolution. e will now sup- 
pose that draught traces are applied to the rails of the carriage, by a horse, or 


F,g. 1. 



fig. 2. 



other adequate force, and that the vehicle is first drawn over a level, smooth 
road, so that the running wheels meet with no obstacles to check their revolu- 
hition, the anti-friction rollers wilt revolve in contact with them ; and as the 
latter roll along the under surface of the rails, they support the body of the 
vehicle, each pair of wheels in succession passing under the carriae-e, by the 
action of the endless «hain, and causing it to roll forward. 5'eco«d','’when the 
carriage is drawn over rugged stony ground, and the running wheels meet with 
nnpediments, such as are attempted to he represented in Fig. 1, tlio.se wheels, 
instead of being impelled over them as in common carriages, stop against them, 
and the carriage proceeds^ onward, uninterruptedly, as though the road 
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were level and smooth, which is caused by the anti-friction wheels rolling 
round in freedom upoti the rails, supporting the carriage, and allowing it 
to glide smoothly over them; until the chain, in its continuous revolution, lifts 
up the opposed wheel, as shown at k in Fig. I, and the obstacle is passed 
without any violence or difficulty, or requiring any application of extra power. 
The patentee does not exhibit in his drawing any mode of enabling the car- 
riage to perform curves, or turn corners and angles in the road ; but on this 
point he says, “ This appears to me altogether unnecessary to show, as my 
claim rests in the introduction of the endless railway, and the adaptation of 
anti-friction rollers upon the axles of the wheels, for the purpose of traversing 
the railway, as shown and explained in the drawing and description. But that 
I may not be thought to withhold any necessary information as to a convenient 
mode of adapting my invention, I will farther state, that, in order to enable a 
carriage, with my improvements, to turn angles or curves with care, I should 
employ two sets of the apparatus, the rail of the hinder being, by its frame- 
work, firmly fixed to the body of the vehicle, and the rail of the front one being 
connected to the vehicle by means of a swivel or joint, so as to enable it to turn 
horizontallj', in order that the fore wheels might be placed in any direction 
oblique to the track of the hinder wheels. It may, however, be necessary 
farther to say, that, in most cases, three pairs of wheels and a.xles will be suffi- 
cient for the fore part, and three pairs to the hinder part.” This mode of 
obviating the difficulty of turning, is, however, so defective, as to call for a 
further exertion of talent in perfecting Mr. Barry’s very curious machine. We 
have never heard whether it has been brought into practical use or trial ; but we 
feel assured from the description, that in travelling nearly straight courses, it 
will traverse with facility roads so rugged as to be wholly impassable to ordi- 
nary carriages. 

But the well-directed skill and admirable perseverance of Mr. M‘Adam 
having, about this period, brought our public roads into a high state of improve- 
ment, had the effect of removing, at the same time, the only insuperable 
obstacle to the application of locomotive steam-carriages thereon ; accordingly, 
we find numerous projectors and speculators successively appearing for the 
honour or the profit of their successful introduction. To attain that object, 
however, there are two things essentially requisite — capital and skill ; and 
these must be employed in combination, and to an extent which has not 
hitherto been practised ; otherwise disappointment will continue to be the 
bitter fruit of experience in this interesting and important branch of mechanical 
science. In some instances gold has been warning where skill was abundant ; 
and, in others, gold has been abundant where skill was wanting. From these 
causes, separate or combined, in an undue ratio, steam locomotion upon the 
common road has made but little progression since the time pf Trevithick, not- 
withstanding the vast aid derived from M'Adam, and, more recently, from the 
labours of Telford and M'Xeill. 

Since these changes in our roads were effected, the name of Julius Griffith, 
of Brompton Crescent, stands the foremost in prosecuting the object. His patent 
is dated in December, 1821, and the specification informs us that it was partly 
communicated by foreigners. In this carriage there are two working steam 
cylinders, which, together with the boiler, a condenser, and other appendages, 
are suspended to a framing at the back of the vehicle. The carriage body 
is to be made of any convenient form adapted to passengers or goods, and 
to be supported upon springs of the usual kind, as exhibited in the annexed 
engraving. At a is the furnace, which is supplied with fuel from a receptacle 
b, by the engineer, who has a seat behind, and has convenient access to two 
handles at c, one of which is to open the feeding-door, and the other to operate 
as a damper in regulating the draught of the furnace. The boiler is situated at 
d, contained in a double iron case, packed with some non-conducting material ; 
a part of this case is represented in the drawing as broken away, to show that 
the boiler consists of several horizontal tiers of tubes, the ends of which are 
passed through irou plates, which form the sides of the heated chamber, and 
are then returned again across the came. Coajiecled by bolts and straps to the 
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frame of the carriage, is a reservoir of water e, which is drawn out by a force- 
pump at/, and by the return stroke, injected into a pipe g at the bottom of the 
boiler, whence it is distributed into the lowermost range of tubes, and from 
these to the next above, the uppermost row being employed as steam reservoirs, 
and receiving the waste heat as it passes to the chimney, so as to increase the 
elastic force of the vapour before it proceeds along the steam pipe k to the 
engines, whence, after having given motion to the pistons, it is conducted by a 
pipe into the condenser i, which consists of a number of flattened thin metal 
tubes, exposed to the cooling influence of the air. The power of the engines is 
communicated from the piston rods to the running wheels of the carriage, 
through the means of sweep-rods, (one of which is brought into view at j,) the 
lower ends of which are provided with driving pinions and detents, which 
operate upon toothed gear fixed to the hind carriage wheel axle. The object of 
this mechanism, (which is of foreign invention, and denominated an Artzberger,) 
is to keep the driving pinions always in gear with the toothed wheels, however 
the engine and other machinery may vibrate, or the wheels be jolted upon 
uneven ground. In order that the engines and steam apparatus may not sufier 
from the concussions of the latter, they are suspended by slings at k, to a strong 
iron framing 1 1, and to give the suspending chains some degree of elasticity, 
stout helical springs are introduced between them as shown at m. 

The guiding of the carriage is effected by means of levers which turn round 
the axles of the fore wheels, so as to present the latter in the line of direction 
required. The axles are supported in a vertical frame which is made to turn 
horizontally, by means of a guide wheel n, on the top of a spindle a, the lower 
extremity of which carries a pinion that takes into an internal toothed wheel 
at p. 

Mr. Alexander Gordon states, in his Treatise on Elemental Locomotion, that 
tlie principal difficulty Mr. Griffiths had to 
contend with, was the liability to which the 
boiler was exposed, of having all the water 
blown out of the tubes by the force of the 
steam generated in the lower part, and to the 
want of a due circulation or ability of the 
water to return ; and he lias given the anne.xed 
drawing, as exhibiting the construction of the 
boiler used by Mr. Griffiths, which we insert, 
as it differs from the specification, and as it 
is of importance to be acquainted with its 
defective action. H is the fire-place, J J J 
the front tubes of each horizontal series, the 
extremities of which open into vertical tubes 
K K, leading into transverse horizontal tubes 
L L L above, where the steam is designed to 
be collected for the service of the engines. 

An invention of great singularity, but 
designed to effect a similar object to Mr. 

Barry’s, inserted a few pages back, was 
patented in 1822, by the late highly respected 
and intelligent Mr. David Gordon. Our only 
information on this matter is derived from the 
interesting Treatise on Elemental Locomotion, 
by his son, Mr. Alexander Gordon ; who, it 
is to be regretted, has omitted to bestow upon 
his sketch those details which are essential 
to give it a practicable form : we are therefore obliged to give the proposition in 
its crude state. The machine consists of a large hollow cylinder, about nine 
feet in diameter, and five feet long ; having its internal circumference provided 
with a continuous series of cogged teeth, into which are made to work the 
cogged running wheels of a locomotive steam engine, of the kind already 
described, as will be recognised by the figures.' Tlie steam power being com- 
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municated to the wheels of the carriage, causes them to revolve, and to climb 
up the internal rack of the large cylinder ; the centre of gravity ot the 
being thus constantly made to change its position, and to throw its chief \ e 
on tL forward side of the axis of the cylinder, the latter .is compelled to roll 
forward, propelling the vehicle before it, and whatever tram may be added to 



the hinder part. As an example of the utility of this machine, Mr. Alexander 
Gordon states, that he has lately been informed by Mr. Samuel Moyle, that at a 
subsequent date, he had used a large drum of this kind with great advantage, 
for the transport of heavy goods over a swamp, in South America. “ Having 
a quantity of plate iron, which was too heavy to carry over otherwise, he rivetted 
the plates together into the shape of a large cylinder, and carried over heavy 
goods in the inside of it. As the party advanced, this huge machine rolled with 
them. Having arrived at their destination, the rivets were cut off, and the 
plates applied to their intended use. Now it will be obvious that a roller of this 
kind, so far from deteriorating a road, must materially improve it, and it may 
not inappropriately be termed a movable raU-road." 

On the 3d of February, 1824, a patent was granted to Mr.^T. Burstal! and John 
Hill, of Leith, for a locomotive steam carriage ; an account of which was first 
given in the Edinburgh Journal of Science, whence we derive the following 
description. 

“ A represents the boiler, which is formed of a stout cast-iron or other suit- 
able metal flue, inclosed in a wrought-iron or copper case, as seen in section, 
where A is the place for fuel, and aaa are parts of the flue, as seen in section, 
the top being formed into a number of shallow trays or receptacles for contain- 
ing a small quantity of water in a state of being converted into steam, which is 
admitted from the reservoir by a small pipe. B is the chimney, arising from 
the centre flue; at D are the two cylinders, one behind the other, which are 
fitted up with pistons and valves or cocks, in the usual way, for the alternate 
action of steam above and below the pistons. The boiler being suspended on 
springs, the steam is conveyed from it to the engines, through the helical pipe 
c, which has that form given to it to allow the vibration of the boiler, without 
'njury' to the steam joints. E is the cistern containing 'water for one stage, 
say 50 to 80 gallons, and is made of strong copper, and air-tight, to sustain a 
pressure of about 60 p'ounds to the square inch. At e are one or more air-pumps, 
which are worked by the beams F E of the engines, and are used to force air 
mto the water vessel, that its pressure may drive out, hv a convenient pipe, the 



with the rocking standards II H. At about one-fourth of the length of the 
beams from the piston rods are the two connecting rods g g, tlieir lower ends 
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being attached to two cianks, formed at angles of 00" from each other on the 
hind axle, giving, by the action of the steam, a continued rotatory motion to 
the wheels, without the necessity of a fly-wheel. The four coach wheels are 
attached to the axles nearly as in common coaches, except that there is a 
ratchet wheel formed upon the back part of the nave, with a box wedged into 
the axle, containing a dog or pall, with a spring on the back of it, for the pur- 
pose of causing the wheds to be impelled when the a.xle revolves, and at the 
same time allowing the outer wheel, when the carriage describes a curve, to 
travel faster than the inner one, and still be ready to receive the impulse of 
the engine as soon as it comes to a straight course. 

“ The patentees have another method of performing the same operation with 
the farther advantage of backing the coach when the engines are backed. In 
this plan, the naves are cast with a recess in the middle, in which is a double 
bevelled clutch, the inside of the nave being.formed to correspond. The clutches 
are simultaneously acted upon by connecting levers, and springs, and whicb, 
according as they are forced to the right or left, will enable the carriage to be 
moved forward or backward. To the fore nave are fixed two cylindrical metal 
rings, round which are two friction bands, to be tightened by a lever convenient 
for the foot of the conductor, and which will readily retard or stop the coach 
when descending hills. K is the seat of the conductor, with the steering wheel 
L in the front, which is fastened on the small upright shaft 1, and turns the two 
bevel pinions 2, and the shaft 3, with its small pinion 4, which working into a 
rack on the segment of a circle on the fore carriage, gives fall power to place 
the two axles at any angle necessary for causing the carriage to turn on the 
road, the centre of motion being the perch pin I. 

“ The fore and hind carriage are connected by a perch, which is bolted fast at 
one end by the fork, and at the other is screwed by two collars, which permit 
the fore and hind wheels to adapt themselves to the curve of the road. To 
ascend acclivities, and particularly where the carriage is used on railways, or to 
drag another behind it, it is presumed that greater friction will be required on 
the road than the two hind wheels will give, and there is, therefore, a contri- 
vance to turn all the four wheels. This is done by a pair of mitre wheels 4, 
one being on the hind axle, and the other on the longitudinal shaft 6, on which 
shaft is a universal joint, directly under the perch pin I, at 7. This enables the 
small shaft 7 to be turned, though the carriage should be on the lock. On one 
end of the shaft 7, is one of a pair of bevel wheels, the other being on the fore 
axle, which wheels are in the same proportion to one another as the fore and 
hind wheels of the carriage are, and this causes their circumference to move 
on the ground at the same speed. The engines were calculated at ten horses’ 
power, and it was purposed to use steam of the highest pressure, which was to 
be let off into a separate vessel, and the quantity emitted to be regulated by one 
or more cocks.” 

“ From the foregoing description,” (observes the editor of the before-men- 
tioned journal) “ we think we are warranted in saying, that there is considerable 
degree of ingenuity, as well as originality, in many of the details, and also in 
the general arrangement of the machinery. In this light we regard their mode 
of allowing the several wheels to move simultaneously at different velocities; the 
convoluted form given to the steam and water pipes, by which the injurious 
effects of jolting are avoided by very simple means; and the mode of injecting 
water into the boiler by means of compressed air.” 

“ By the present improvements, the boiler is to be placed upon an additional 
pair of wheels, so that the whole machine may run upon six wheels instead of 
four. The patentees claim two distinct modes of employing this extra pair of 
wheels, either of which may be adopted. By the first mode, the back end of 
the boiler is bolted to the axletree of the extra wheels, and the front end rests 
and turns upon a pivot, fixed to the axle of the middle pair of wheels. By the 
second mode, the axle of the hind wheels turns upon a centre, and the boiler is 
attached to a frame, which encompasses it; this frame is suspended upon springs 
or not ,according to the nature of the road,) the part of it being bolted to the 
ax, a of the middle pair of wheels. By cither of these contrivances, the carriage 



RAILWAYS. 


453 


containing the boiler may be made to adapt itself to the bends in the road, 
without incurring injurious strains. 

“ The next improvement of material importance, consists in the construction 
of the steam pipes, which have sliding and movable knee-formed joints, to 
admit of their extension and contraction, when the carriage is passing over 
rough or undulating ground; thus constructed, the pipes also accommodate 
themselves to bends and irregularities in the road. The third improvement 
relates to the mode of steering the carriage, which is effected by a chain cir- 
cumscribing the steering wheel the ends of the chain then passing round 
pulleys fixed to the carriage frame, are attached to the opposite extremities of 
the fore axletree." 
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structed upon a scale of three inches to the foot, u hich embraced these improve- 
ments. It was publicly exhibited in Edinburgh, and afterwards in London, 
where it was made to travel round a circle of 17 feet diameter, on an uneven 
deal floor, with a speed equal to about 7 miles per hour. A deal platform, 18 
feet long, rising 1 foot at the end (or 1 in IS) was fixed, which the carriage ran 
rapidly up without apparent effort. On the outside of the circle was a deal 
bank which rose 5 in 25, in the cross section, which was used to show that 
there was no liability of upsetting the carriage even by such uneven ground, 
owing to the position of the centre of gravity being very low. The 
representation of this model, on the preceding page, and the description of the 
machine, we extract from the Register of Arts published at that period. “The 
length of the model is 5^ feet, and its height 22 inches. The steersman sits 
in front, and by turning a circular horizontal plate c gives the first pair of 
wheels a direction to the right or the left, as may be required. Tlie boiler h is 
of a conical form, and is supported by an iron frame, extending from the second 
to the third pair of wheels. The fire is in the middle of the cone, and the water 
and steam outside. The engines are of the high pressure kind, and the boiler 
is of copper, calculated to sustain ten times the force of the intended working 
pressure of the steam. Two cylinders are employed, they occupy the hind 
boot, and rest on the a.xle of the middle wheels ; in the model the cylinders 
are three inches in diameter, and have a three-inch stroke. The cistern is at a, 
whence the water is pumped by the engine, and forced into the boiler; e is the 
induction steam pipe, i the eduction pipe, leading to the chimney, wherein the 
waste steam being expanded by the heat, escapes invisibly, while it increases 
the draught, and combustion of the fuel. When the writer saw this interesting 
model at work, he was informed by the partner of Mr. Burstall, that it had. 
during the preceding eight days, ran as many times round its circular course 
as amounted to 250 miles ; and that during all that period it required no fresh 


packing or repair whatever. 

On the 15th of May, 1824, Mr. W. H. James (a gentleman of superior 
mechanical talents) of Birmingham, obtained patents for “ an improved method 
of constructing steam carriages ; ” the chief peculiarity in the arrangement of 
which consisted in adapting separate engines to the gear of each of the propelling 
wheels, instead of actuating them uniformly by the same engine, whether the 
latter consists of one or two cylinders. Mr. James's design was to use very 
small cylinders, and work them with steam of very hi^h pressure, so as to obtain 
the utmost compactness, and the least weight that might be practicable. The 
motive of employing separate engines was that each wheel might have a motion 
independent of any of the other wheels, so that their powers or velocities might 
be varied at pleasure, which he considered to be essential in passing round 
curves, or turning corners of the road, because, when a carriage moves in the 
arc of a circle, the outer wheel moves over a greater space of ground than the 
inner wheel, and would consequently' render it necessary for the engine con- 
nected with the outer wheel to work so much faster than the engine connected 
with the inner wheel. Mr. James’s mode of effecting this operation was by a 
very simple contrivance : he caused the fore axletree to be connected with a 
stop-cock placed in the main pipe, through which the steam passes from the 
boiler to the respective engines ; and this stop-cock was so constructed that 
when the fore axletree stood at right angles to the perch (i e. when the 
carriage was proceeding in a straight line) it admitted equal quantities of steam 
to each engme ; but whenever the axletree stood obliquely to the perch (as in 
making curves) it caused the stop-cock to admit a greater quantitv of steam to 
the engine connected with the outer wheel, so as to cause tliat wheel to revolve 
faster, and a diminished quantity to the engine connected with the inner wheel 
so as to make it revolve slower, in exact proportion to the curve around which 
tJie carriage was moving. 

Upon roads havinjj steep ascents, Mr. James proposed to employ four engines, 
or one to ea^ wheel, for the purpose of obtaining a greater degree of resistance 
upon the surface passed over; but in roads of ordinary undulations, two engines 
were deemed sufficient ; the wheels do not require to be thrown out of gear, but 
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in passing round curves may be kept constantly in action, so as to preserve the 
amount of friction upon the surface pretty uniform. In passing down a hill, 
however, or whenever it may be desired, a wheel may be locked or dragged, as 
in other carriages. 

Another leading object with Mr. James was to put the whole of the machinery 
upon springs, to prevent the injurious consequences to the acting parts, by the 
concussions of a stony road, and at the same time allow of the uniform operation 
of the engines upon the running wheels, when passing over nigged surfaces. 
To this end Mr. James caused the engines and their frame-work to vibrate 
altogether upon the crank shafts as a centre; at the same time connecting these 
engines to the boiler and e.\it passages, by means of hollow axles moving in 
stuffing-boxes, which, together with the body' of the carriage, is suspended upon 
springs, 'that are bolted to the axletrees. 

Fig. 1, in the following cuts, exhibits a plan of the machinery of a carriage, as 
applied to the hind wheels. Fig. 2 is a cross section, giving an end view of tlie 


Fig. 1. 



boiler and the cranks, showing the manner in which the former is suspended, 
its mode of attachment to the body of the carriatre, and the situation of tlie 
springs on which it rests: similar letters of reference apply to the correspondin 
parts in each of the figures, n a is the boiler suspended to the frame b b, abov 
winch is connected to the body of tlie carriage c c, and forms its support ; d d 
is the axletree, the form of which is best seen in Fig. 2 ; it lias four supports e ee e ; 
the axles of the running wheels are affixed tlieicto, and are connected in 
one piece with each of the crank shafts g <j, by whicli one wheel is made to 
revolve independently of the other. Each of these engines has two cylinders 
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h h, which operate by their piston rods upon the cranks ; to these separate 
engines steam is applied from the boiler a a, by means of the pipe k, wliich 
enters at the stop-cock I into the steam-box m ; from this box the steam passes 
into the pipes nn, which move steam-tight through stuffing-boxes; from thence 
the steam proceeds through the pipes o o o to tlie slide boxes p p p, the slides 
being worked by eccentrics g tj q, in the crank shafts, in the usual manner, and 
thence to the cylinders. The exhaustion pipes r r lead into the hollow axles ?t n, 
before described, in which there are partitions s s, to separate the steam front 

Fig. 2. 



the exit passages, which pass through the said hollow axles to the boxes 1 1, 
from which there are pipes u u leading to th« chimney v, where it is thrown off 
in a jet, which has the effect of increasing the draught, and of exciting com- 
bustion of the fuei. The rods xx are attached to the fore axle of the running 
wheels, and also to the two handles of the cock I, so that the fore axle and the 
cock move simultaneously, and parallel to each other; z z represent part of the 
frame-vvork extended, for tying the engine together by means of a bolt and so 
as to allow the body of the carriage to have a slight lateral motion upon its 
priiip independently of the engines, by means of the hollow axles sliding 
longitudinally through the stuffing-boxes, ° 

The principal arrangements in this locomotive engine are ably designed to 
pcoraphsh the object in view; but the intelUgent inventor (owing we beheve 
to some pecuniary disappointments) was not enabled to prosecute the under- 
taking of building carriages until some time afterwards. In the interim how- 
ever, he was engaged in other scientific pursuits connected with locomotion 
and m the construction of a boiler capable of generating steam of high 
pressure, with perfect safety : he also occupied himself in the application afd 
adapt.ition of small high-pressure enmnes to the D-pnemti'r.™ L u.diiou aim 

U..5.I, of M„1, Hoiifg h. ,o.k fa “ilrS '"iiSY.; 

dpidedly the most effeetpe machine of the kind that had then been invented 

idrbv: de lrbT7f and diamLr pTaced 

side by side, and bplted together, so as to form by their union a long cylindrical 
ting’rar'of'smairt h’ ‘^at shown in FigA, but from 

sure^f an ordiua^w evlin n -f «« 

ordiiia.y cylindrical boiler. This excellent apparatus being fully 
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described at page 202, in our article Boilers, we shall not here extend tlie 
description, and liave only to observe that it was with boilers of that description, 
and a carriage slightly modified from the one just described, that Mr. James, 
about two years after, commenced the construction of steam carriages. This 
undertaking, in its progress, promised the most favourable results, the e.xperi- 
meuts that were made demonstrating the certainty of the ultimate accomplish- 
ment of perfect success ; but a failure in his pecuniary resoiu-ces prevented its 
consummation. Some friends of t urs assisted at some experiments made with 
the first carriage, on the 5th of March, 1829, over a rough-gravelled road in 
Epping Forest, which it traversed, with fifteen passengers, at a speed varying 
from twelve to fifteen miles per hour. This carriage was exceedingly clumsy, 
having been repeatedly cut and altered, as successive changes were made in the 
disposition of its parts for experiment, and it weighed, including the machinery, 
rather more than three tons. It had two working cylinders, only 3^ inches 
diameter, the power of which was applied to the hind running-wheels. The 
steam was supplied by two tubular boilers, of the before-mentioned kind, each 
being a cylindrical annulus of one-inch tubes, 4 feet 6 inches long, and 
1 foot 9 inches internal diameter, wherein the fire was placed. During the 
experiments, one of the tubes (which were the common gas pipes) opened in 
its seam, and consequently all the water of that boiler escaped, extinguished its 
fire, and reduced the intensity of the other, there being a communication 
between them. Thus circumstanced, with only one boiler in operation, the 
carriage returned home, at the rate of seven miles an hour, with more than 
twenty passengers, demonstrating thereby this remarkable fact, — that a sufficient 
power of steam can be generated in so smtdl a boiler, as to he adequate to the 
propulsion of about 4i tons weight cn the common road. 

Shortly afterwards, the proprietois commenced building another carriage; 
but they experienced considerable difficulty and delay in getting the tubes of a 
suitable quality of metal, and the joints properly constructed; so that it was not 
until the month of November, 1829, that they brought it out for trial. An 
elevation of this machine is represented in the following page. As denoted by 
the scale of feet, it was of small size, being designed to operate as a drag to another 
vehicle behind. The boilers were four in number, and instead of the tubular 
rings being circular, they were made elliptical, with compressed sides, so as to 
get four of them side by side across the carriage. This was done to obtain as large 
a surface of metal as possible exposed to the heat of the furnace, as, by this arrange- 
ment, nearly 200 tubes, measuring upw'ards of 400 feet, were enclosed in a space 
four feet wide, three feet long, and two feet deep, including the furnaces, (which 
were inside the boilers) besides the flues and ash-holes. The steam from each 
of the boilers was conducted into one very strong tube above, of an inch and a 
half in diameter, to supply the engines ; each of tlie pipes of communication 
to it being provided with stop cocks, to cut olf the communication of any boiler 
that might become unserviceable by leakage, without afiecting the pressure on 
the other boilers. The power was applied through the medium of four working 
cylinders, which might be considered as separate engines, being fitted so as to 
work independently of each other, although they might more properly be con- 
sidered as pairs, each pair acting upon a distinct crank, (the throws of which 
were at right angles to each other,) that gave motion to its respective hind 
wheel, on the principle described at page 454. These cylinders were only a 
foot long, three inches and a half outside, and two inches and a quarter inside, 
diameter; the pistons were metallic, and made a nine-inch stroke. The cylin- 
ders were posited vertically, and vibrated upon trunnions, through which were 
made the induction and eduction passages, covered by conical valves, forming 
an external shell to the trunnions, close to their bearings in the plummer 
boxes. 

These engines were arranged at a, in a row across the carriage The steam, 
after working the engines, passed through two copper tanks, which heated the 
water therein to such a temperature above boiling as to melt the soft solder 
externally upon the vessels, and rendered it necessary to substitute hard solder; 
the steam was carried then to the chimney-funucl to escape. At c is a door, 
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'vrhic'i space across tbe carriage, and also that at d, were for the use of the 
man w'.io a,;cn<leci lO the furnaces and boile'-s, bes’des bemgused as a receptacle 
for fuel : at the shies roof, aitd bot^oni of this room wore plate-iron shutters, to 
affoed constani. draat,hts of a>r, that the hert might not be insupportable. The 
eno-inoer sat «n ti’e hinu seat «, and at e, over the engines, was a sheet-iron 
flap like tl'e liu of a bo:;, and at J" slid'nr -doors, enabling the engineer to keep 
It'S eve upon the wo k'ng parts, and, by ids spanner, and other tods, to rectify, 
it reiiuirec any siigiit uet'ect that miglil take place ; his sitiiat'on likewise per- 
mitting Ijim to give di.ections to the furnace-man, and to hold communication 
with tile giu’de, w.io sitt on the box ff. At h is the steeling anparatus. consisting 
of an e.x.ernal case, con ain'ng a verdcal shaft, at whose upper end is iixed a 
beve'ed p'liio.i, wi 'ch is acted upon by a small beveled wheel- flxed in o the 
axis of txie dounle-liiind'ed W'ncli i i. By laming these handles, therefore, the 
shaft is caused to levo've, and to give motion to a gear at the hiwer extrem’tj', 
winch acts nno.i a tootiied sector /, attached to the foie a.\le-tree, and thereby 
turns the fore wiieels iuto the required posidon.". The lower gear, winch is 
contained in a bo.x ,r, is adapted to ’->creuse the fo'-ce with a reduced motion, so 
that the guide, w, o is able to turn the handles i i quickly, operates with great 
ene.gy upon the toothed sec or, and to ove.come with frc'lity .he most prom’- 
nent of oruinary obstacles In the road. This gu’diug act’on being administered 
by a mu'tinlving power, through the comnie : medium of toothed wlicels, was 
found to be far inoi-e eii'ectual and conven'eiit than when a long ''ever of a moi-e 
simp>efo’'in was useu ; bo-ides, mat the latter was somewha, dangerous to the 
guide, who was rendered I'ahle to receive severe olows by the inotion of ibe 
long handle, when the w'leels happened to be turned as'ile by the opposition 
of stones laying in the road. A' m is a lamp, not only use.ftl for lighting the 
road before the carriage, bn. serving also (as the p-ow of a vessel to a mariner) 
to steer by. Tlie cuimney-.'iinnei was made double, the space he.v. een tke 
external casen and the internal smoke flue o be'iig for a cuwe"t of air to pre- 
vent the otherwise unp'oasant rad’ation o*" heat laterally. ITe fuel pie,erred 
was a mix.ure of coke and wood ciiarcoa' wh'ch proiiiiccd a great heat and 
give b.it little black smoke. The mo.ion was commun’cated to ihe separate 
axiesof the hind wheels by spin' gear of two veloc’ties, changeable at pleusiue, 
as the state of ihe load, or ou er circumstances, might require ; .his gear was 
enclosed in bo::es. sl'own at it. and the whole machine was p'aced upon springs, 
except the guid'iig apparatus, wl'icli was piirposelv airanged oiktiwise. as 
exhibited in the engraving. Tiiis cairiuge w.ns or'y taken oiu of the yard 
(where it was built) three limes: on one of these occasions the wdter eccom- 
pamed it three miles which it performed n .welve urnutes: a.fe' i.-b’ch a jo'rt 
of the inuuction pipe failed, through winch the steuni eserned iiuo the air 
instead of eucerinj the cylinders ; this acciueef of coarse, soon b' ought .Im 
carriage to a stop. Eveiy person wfo witnessed tliis experiment was peifec.Iv 
convinced of the feasibilitv of the scheme, and mat nothing was waning but a 
little more experience in discovering and remed; ing Tue weak points, wi’icli 
practice alone couid effect. Tlie p,aleniee was rot, however, afforded the onpor- 
umiiy of obviating the defects he had li'scove.ed 'n some parts of his arrange- 
ments, from the want of that support vvnich other men of less talent, but mo,e 
assuming conduct, easiiv obtained in rbundaiice. One of these defec.s consisted 
in crowaiiig the engines ard machine-.y In.o loo small a space wbicli. while it 
rendered accurate fitting and repahs d'dien’t. occasioned some parts lO be 
hrongh't into v’olent co’lis'on by tlie vibrations o" tiie carTageover a slony road. 
Another great defect (iviiich was aboii. to be altered^ consi''.ed in tl’e i.on ring 
or tile of the wheels be’ng only one inch and a half u-'de ; in consequence of 
which, the wheels sank into the ground at least twice the depth of otliers, having 
flies of double the width : an acclivity was thus constantly foru’ed befoie the 
wheels, which they had e'ther to ascend o: to crush uown, cans'ng, in e'ther 
case, a considerable waste of power. Much giound it may be observed, that 
will resist comnression ennrelv from a uvoad wmel. aiiu aflow fl'e carriage to 
roll over it easily, will gi.-e way uiidei a nanow wheel, anu so ro’se up a con- 
stant oppostion to its own progress. The cliief disadvantages of broad tired 
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wheels consist in their s\iperior weight, and their greater liability to encounter 
loose stones lying on the road. The narrower a wheel is the better, provided 
it does not leave an impression on the road ; but as wheels should be made to 
suit all the various conditions of the road on which the carriage has to travel, 
a medium between the extremes should be chosen, which is probably about 
three inches’ width of tire to every half ton that a wheel has to bear. It may 
be further noticed, that in every experiment m ide with this carriage, those parts 
which exhibited a defective action could always be traced to an evident cause; 
and although the remedy was also rendered obvious, it could not always be 
carried into effect without considerable delay and expense, which, to the 
capitalist who is ignorant of mechanical combination, was naturally dis- 
couraging. It will, however, be generally found, that those individuals who 
have had the most experience in undertakings of this kind, have never dis- 
covered, in the obstacles that have hitherto presented themselves, any thing of 
an insuperable nature, as to its ultimate success. 

The next attempt to construct locomotive carriages for the common road, was 
by the late Mr. David Gordon, whose patent was dated the 18th of December, 
1824. The means proposed by this gentleman for propelling, was a modification 
of the method invented by Brunton, and described at page 399. But instead 
of the propellers being operated upon by the alternating motion of the piston- 
rod, Mr. Gordon contrived to give them a continuous rotatory action, and to 
apply the force of the engines in a more direct manner. The following cut 
affords an external view of one of Mr. Gordon's designs, in which the patented 
mechanism is introduced. The carriage ran upon three wheels ; one in front to 
steer by, and two behind to bear the chief weight. Each of the wheels had a 
separate axle, the ends of which had their bearings upon parallel bars, the 
wheels rolling in a perpendicular position. This arrangement, by avoiding the 
usual cross axle, affords an increased uninterrupted space in the body of the 
vehicle; and was the subject of an antecedent patent granted to Mr. Gordon. 

In the fore part of the carriage were placed the steam engines, consisting of 
two brass cylinders, in a horizontal position, but vibrating upon trunnions : the 
piston-rods of these engines gave motion to an eight-throw crank, two in the 
middle for the cylinders, and three on each side, to which were attached the 
propellers ; by the revolution of the crank, these propellers or legs w'ere succes- 
sively forced outwards, with the feet of each against the ground in a backward 
direction, and were immediately afterwards lifted from the ground by the 
revolution of another crank, parallel to the former, and situated at a proper dis- 
tance from it on the same frame. The propelling-rods were formed of iron 
gas tubes, filled with wood, to combine lightness with strength. To the lower 
ends of these propelling-rods were attached the feet, of the form of segments of 
circles, and made on their under side like a short and very stiff brush of whale- 
hone, supported by intermixed iron teeth, to take efl’ect in case the whalebone 
failed. These feet pressed against the ground in regular succession, by a kind 
of rolling, circular motion, without digging it up; and it must be acknowledged 
that Mr. Gordon, in these contrivances, succeeded in avoiding the injurious 
effect upon the road that would otherwise have been caused by this mode of 
propelling. The guide had the power of lifting these legs off the ground at 
pleasure, so that, in going down hill, when the gravity was sufficient for propul- 
sion, nothing but a brake was put into requisition to retard the motion, if 
necessary. If the cairiage was proceeding upon a level, the lifting of the pro- 
pellers was equivalent to the subtraction of the power, and soon brought it to a 
stoppage ; and in making turns in a road, the guide has only to lift the pro- 
pellers on one side of the carriage, and allow the others to operate alone, until 
the cure is traversed. 

The following engraving represents a side elevation of the machine, a the 
end of the boiler ; b the flue ; c an apartment for the engineer to attend the 
fire and regulate the macliiiiery, which apartment contains a store of water, 
coke, &c. ; d external conuecting-rod (one on each side of the carriage), that 
actuates the driving cranks of the propellers to the small lifting cranks within the 
carriage ; s being the axis of the dri\ ing cranks, and / the axis of the lifting 
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cranks ; g tlie apartment for the inside passengers, which has glazed windows 
in front ; h the seats for the outside passengers ; i the conductor, who guides 
the carriage by means of four cross levers, turning a small toothed pinion, that 
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works a toothed sector, fixed on a circular frame ; p p propellers, of which the 
whole six are brought into view ; s s straps by which the propellers are lifted 
from the ground. In the experiments tliat were made with this carriage on 
the common road, the feasibility of this mode of propulsion was proved, but 
the steam power provided was found to be inadequate to produce the required 
velocit}' of motion : and the patentee, we believe, becoiping afterwards con- 
vinced that the application of the power to the running wheels (as insisted on 
by Trevithick in 1802) was fully effective, and therefore preferable in many 
points of view, the project was given up. 
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The rext invention in the order of tin’e that presents itself to our notice, is 
one nossessinj considerable otigina''iy ; and thongh it has no^ been carri-J 
into effect, it contains sonie ingepions and amusing snggesilnns. 'hat have 
formed the gronndwo k of suhseouent inveniV.iis. It is the subject of a 
patent granted to William h'rancis Snowden, of O'/ord-strcet. London, on 
the IGih of December ’S24, for a ‘ new invented .vhec'-way and ’ts carri.iges 
for the conveyance of passengers, merchandise, and otlier iliings, along roads, 
rails, and other ways, e'd-her on a level or incl'ned piane.” 

The specification describes the i iven.Ion unde’" lwo disdnct heads ; the first, as 
respects the wbeelway, explains as consisting of a hol'ow trunk with a nlaiform 
of iron on the top for waggons or other carriages to mil n ion • inside the trunk s 
placed a machine called by the patentee a mechan’cal horse, to which is con- 
nected a toothed wneel, tbet is made io revo’ve in a lionzor.tci p’ane, and to 
take ’nio the teeth of a honzonlal straigiit rack fixed on Oj’e s’de of the iio’low 
trunk. The vertical axis of tlie I'orizontal too.hcd wheel passes ih’-ough a lon- 
gitudinal oneniiig in ihe w’ueel-way ; above wh'ch ii, is connected to a locomo- 
tive steam-engine, and is actuated .bcieby’; d'rougb the medium of bevi' geer 
the modon thus commun’catcd to the latter by the engines, is .applied by the 
vertical axis to the horizontal wheel of the mechanical horse, inside the hol'ow 
trunk; and as the horizontal whee' is geereu i.ato the tootiied rack whicn ’ 
fxed on one side of the trunk, ihe inecli.anical horse of necessity moves "oi warcl 
with the same velocity as ti'e horizontal wheel is made to revo've by the power 
of the engine. Those to whom our literal desciiption may no. he e'ear, will 
understand it by the annexed figure, vihich affords a longitudinal seclio'i of Iho 



mechanical horse, and the hollow trunk or wheel- way. a is a vibrating cylin- 
der, and h the 'ouiler of a locomotive engine, by w I'ch tbe bev'l geer c d is 
actuated, an^hrough the medinra of the vertical axis e. the horizontal toothed 
wheel/ which takes into a tootiied rack <?; the mechai leal horse h is made fo 
advance in its course, and to take with it liie engine and the train of wa-^gons 
(hat may be in connexion. wtvH the wheel-way, and/t the bohow trunk. 
As the top of the wheel-way is supposed to be flat' and the carri.-oes withojt 
lateral flanges to the.r lires, it is p.oposed to guide the carriages by means of 
tongues like that at 1 winch en.ers .he lopgl.udinal aperture, and winch mry 
oe pioviued with an antifriction roller to prevent laieral mbbmg. The inventor 
proposes to adopt a simil.sr arranoe.nent to ri'e foreioi m for the toi-ino o' 
rh^r?’ Pufeni- v.lieei-wavs by the sides "or banks of canalslind 


ter'^aiulw''' i'lveniion under the paten, is of a moie singular cliarrc- 

It IS in real'ly i>y no means absuiu in p-inc’ple, nor in Lhc 
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foBonale of the proposition ; tut we will first describe it, and afterwards make 
our observations. 


Fia- 1. 



Instead of placing horses outside of a carriage to give it hiotion, the patentee 
puts them tnside for that purpose ; and his reason for doine this that of in 
creasing the force or velocity, will to many appear to be quite as paradoxical. 
I he aboie Fig. 1 affords a perspective view of a machine of the kind, and 
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Fig. 2 a section of the wheel-way and mechanism hy which the process of pro- 
pulsion is effected. This second part of the patent is thus described in the 
Register of Arts ; — “ b h represents a vertical section of the road in which an 
excavatioti is made, and the ground well rammed, so as to lay down, at uniforra 
distances, a series of ca.st-iron frames or sleepers cc. In the several partitions 
of the sleepers are placed, lengthways, four lines of timber. The two prin- 
cipal rails, d d, are of oak, and stand about three inches above the level of the 
other parts. The other two lines of timber, e e, are three-inch planks, set on 
edge, and bolted to the framing. Resting upon these deal planks and the iron 
partitions, and flush with the oak timber, are laid, crossways of the road, short 
pieces of three-inch oak plank, leaving an open crevice about one inch and a 
half wide between them. These sliort planks are laid edge to edge, uniformly 
along the whole line, so as to form a level floor, over which is screwed down a 
complete covering of wrought-iron plates, a a. On this hard and level surface, 
the wheels of the carriage are intended to roll. Inside the hollow trunk b 
the mechanical horse, which is actuated b}’ motive force applied above, through 
the medium of similar gear to the before-described. Only two-toothed wheels 
are shown in the trunk ; there is, however, another, which cannot be seen in 
this view, which, when put into gear with the opposite rack, reverses the rota- 
tory motion, and causes the carriage to proceed in the same direction. The 
lowest wheel of tlie three shown is made light, as it only operates as an 
antiinction roller, and for that reason occupies the whole space between the 
two diree inch deals. The perspective sketch in Fig. 1, though rather dispro- 
portioned in some of its parts, exhibits a carriage of the kind described in 
the speciiicalion. It consists of two stories, — the upper one for passengers, 
containing both inside and outside berths; and the lower one for merchan- 
dite, which is deposited on a circular floor, around which two horses are 
made to work, as in a mill, being joked to the two oj'posite extremities <.f a 
horizontal lever, that turns a vertical a-xis, to which is connected multiplying 
gear that causes the mechanical horse in the hollow trough, and the car- 
riage above, to move at any predetermined velocity of motion ; the horses, 
however, continuing to move at that slow pace (of about miles per hour), 
by whieli tliey can most efficiently exert their force. The diagram marked 
Fig. 2 is explanatory of these motions : g g are two yokes, to which the 
horses, being attached, give motion to the horizontal lever and the vertical 
shaft h, on which is also fixed, close under the floor of the carriage, a large hori- 
zontal spur-wheel i ; the revolution of this wheel actuates a pinion which pinion 
being on the same spindle as the toothed wheel on the mechanical horse, which 
takes into the rack, causes the carriage to advance at about four times the 
velocity of the horses, or at ten miles an hour. Mr. Snowden calculates the 
power of an average horse, in drawing a load, at the rate of 2^ miles per hour, 
for four hours a day, as equal to the constant force of a weight of 250 pounds, 
when drawing in a stiaight line : if the speed of the horse be doubled or in- 
creased to 5 miles per hour, his power of traction will be i educed to only 50 
pounds; and if the speed be again doubled, or made 10 miles per hour, the 
horse can do no work whatever, except through only' a very short space of time. 
The slow motion, therefore, is by far the most favourable mode of applying the 
power of a horse ; and although the contracted circuit of a mill-walk is im- 
favourable to tlie full exertion of his powers, Mr. Snowden estimates that a force 
of about 200 pounds may thus be obtained. Of this available force he pro- 
poses to sacrifice three fourths, by means of multiplying gear, into velocity ; 
and thus enable each horse to give out, in efiect, a force of 50 pounds at 10 
miles per hour ; whereas, if the horses were to move themselves at that velocity', 
they would be totally ineffective. If, therefore, we consider tiro horses to 
bestow a force of 100 pounds, and that the resistance on the patentee’s wheel- 
way is no more than tliat of the Manchester and Liverpool railway', namely, 
m 240, we have 100 x 240 = 24000 lbs propelled by two horses, at the rate 
o miles ^ hour. But the friction of such machinery must be considerably 
"I.”®*™" I™ above-estimated force of a liorse moving in a circle 

ot lb teet oiameter, is probably much too high. Let us therefore suppose the 
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useful effect to be only half, reducing it to 12000 lbs. Tlie popular objection to 
this plan, is the apparent absurdity of the horse having to carry his own weight ; 
but this objection equally applies to the steam engine, or any other locomotive 
power : the whole question, however, resolves itself into one of convenience 
and economy, as applied to particular cases and circumstances, which we can- 
not here discuss ; and as we shall have occasion, in our account of Brandreth’s 
Cyclopede, to notice the subject again, we shall here conclude with the remark, 
that we believe it is worthy of the consideration of the machinist to devise the 
most perfect locomotive machinery, for converting the force of a horse at a slow 
motion, into a higher velocity with a diminished force. 

To enable locomotive carriages to ascend steeper inclined planes than had 
heretofore been considered practicable, and likewise to enable the carriages and 
trains to wind round curves in the road, without the severe friction and strain- 
ing to which they had been previously subjected, was the object of a patent 
granted on the 5th of March, IS25, to Mr. W. Henry James, of Birmingham, 
whose common road locomotive is described in the preceding pages. This in- 
vention has not, we believe, been carried into effect on the great scale ; but we 
have been credibly informed, that the most satisfactory proofs have been afforded 
of the ability to effect this, by repeated trials on a raihoad more than a hundred 
feet in length, laid down for the purpose of experiment, on which it was found 
that a train of carriages would (with the patentee’s machinery,) ascend inclined 
planes three inches in the yard, which is equal to 440 feet in the mile. This 
important advantage is gained by applying the power to the axletrees of the 
wheels of the several carriages in the train, by means of the rotation of a long 
horizontal rod (or series of connected rods), actuated by bevel gear under e.icli 
carriage. 

An ingenious plan has also been proposed by Mr. James for enabling the 
carriages on a railway to pass around turns or curves in the road, without addi- 
tional friction. For this purpose, the horizontal rotatory shafts, which cause 
each pair of wheels in the train to revolve, and propel the carriages forward, are 
connected together by a novel kind of universal joint, which communicates the 
rotatory motion to each successive carriage, even if so placed on the curves of 
the roads, that the sides of one carriage shall present to the side of the next an 
angle of thirty degrees. To cause the carriage wheels to run round the curves 
of the railway, without the usual destructive rubbing of their surfaces, the rails 
ill those parts are made with several ribs or elevations, and the wheels of the 
carriages are consequently formed to correspond with those ribs, by their peri- 
pheries being grooved in like manner ; so that a wheel, in effect, possesses as 
many diameters as there are variations in the surface of its perijihery, by which 
means it may be made to travel faster or slower, as may be desired. 

The following engravings will render these plans intelligible to the reader. 
a is the boiler of a steam-engine; b the engine with two cylinders, the alter- 
nating motion of the piston in which gives rotation to the crank c above : the 
rods e e, attached to the same, being also fixed to the crank of the horizontal shaft 
fff (wliich passes under the carriages), causes that to revolve w’ith a similar speed 
to the crank of the engine. Two square bo.xes, yy, are fixed under each car- 
riage ; through these the axletrees of each pair of wheels pass ; the rotatory 
shaft / passes also through the boxes above the axletrees, and at right angles 
with them ; each of the boxes g g contain a double-beveled horizontal wheel, 
which presents a circle of cogs in its upper as well as its lower side, and turns 
upon cross bearings : now the shaft ,/ carrying upon it a vertical beveled 
pinion in each box, takes into the upper circle of teeth of the horizontal wheel, 
while the under circle of the teeth of the same actuate a beveled pinion on 
the axletree underneath, consequently compelling the wheels to revolve ; and the 
power being thus applied to every pair of wheels simultaneously, sufficient 
resistance is obtained, on a smooth surface, to ascend inclined planes of con- 
siderable elevation, uuuu are the universal joints, whicfi communicate rota- 
tory motion when the carriages are not in a straight line; these, and other 
moving parts are distinctly shown in F7y. 2, which is upon a larger scale, //is 
the rotatory shaft; gg the two bo.xes, with the front pl.ites moved, to show the 

VOL. ri. 3 m, 
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gear inside ; h h the beveled pinions upon the shaft in each box ; % i tlie hori- 
zontal double-beveled wheels. The front box g, under the carriage, is fixed 
immovably to a solid block of wood, k ; the other box is fitted to a plate I, turning 



F,g.2. 



on a central point, which passes through another plate m, above, the latter being 
secured to the floor of the carriage by hinge-joints, nn. The construction of the 


— r K. w* VASC Jtauxasssg ^ _ 

carriages in making curves or turns in a round. If the*^ wheels on one side of a 
carriage be larger, or of CTeater diameter than those on the opposite side, such 
carriage, when propelled, will necessarily make a curve. On this principle 
the patentee s contrivances are founded. In running along a straight line, the 

iries of the wheels are of pnilul oloirofinn • At- *_ _ _ t. __ A_ 


• i_ • x* At 1 V Z — ' •'«s.AA*sg cuuuK a BirtuKui line, tuc 

penpheries of the wheels are of equal elevation ; but when the carriage has to 
wheeb on one side roll on a greater diameter, or more extended 


make a turn, the wheeb t uiamecer, or more exienoea 

periphery, while the wheels on the opposite side run on a leas extended peri- 
phery, and the elevations upon the rails on which they run are so adjusted to 
^ ese vana ions, that the d^erent peripheries of the wheels change and come 
in con ac wi Ae ■■anable parts of the rail, and run round the curves without 
any increase of friction, 

A suspension railway, which in some respects resembles Mr. Palmer’s, 
desenbed at page 42G, and, in other respects, Mr. Snowden’s, described at page 
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462, was patented by Mr. J. G. Fisher, on the 2d of April, 1825. This gen- 
tleman, it will be observed, suspends his carriages to a double line of rail ; in 
this respect, however, he was anticipated in idea by Mr. Palmer, who, in his 
little interesting book, entitled, Description of a Baihuay upon a New Principle, 
observes, — " to elevate two lines of rail for the purpose of supporting a carriage, 
could not be done at a sufficiently moderate expense ; I therefore endeavoured 
to arrange the form of a carriage in such a manner that it would travel upon a 
single line of rail without the possibility of overturning.” _ Nevertheless, if an 
inventor can succeed in carrying into beneficial operation, that which was 
thought of by another as ineligible to attempt, he is entitled to respectful 

consideration. . , . , 

Mr. Fisher’s plan is, however, not without originality, and, with some modi- 
fications, may be rendered useful in many situations. The chief object is stated 
to be the throwing of a railroad across rivers, swamps, &c. ; and the means pro- 
posed of efi’ecting it will be readily perceived upon inspecting the following 
diagrams, and referring to the subjoined explanation of them. 



Fig. 1 is a side view of the proposed rail, attached by vertical rods to a chain 
of bars, which form a catenarian curve ; Fig. 2 is a similar view, but giving 
only a portion of Fig. 1 on a larger scale ; Fig. 3 is an end or sectional view 
of Fig. 2 ; Fig. 4 is also a sectional view, but of another fonn of rail, which we 
shall describe lastly. The letters of reference denote similar parts in each of 
the figures, a is the rail, made of stout cast-iron plates, of uniform dimen- 
sions, bolted together, having a horizontal projection, or plate, h b, on each side, 
for the wheels of the carriages, d d, to run upon (seen best in Fig. 3); f f shows 
the frame of the carriage ; the manner of constructing the n heels on either 
side of the rail, in pairs, is exhibited in Fig. 3, and the mode of joining the 
front with the hind pair of wheels, in Fig. 2. Iron rings, g g, pass through the 
centres of the lower parts of the carriage-frame, to which are suspended the 
boxes or receptacles for holding the goods or passengers, one of which is shown 
attached at h. Fig. 1. The loops or holes in the upper part of the rail a. Fig. 2, 
are, of course, for the convenience of bolting it to the suspension bars, as seen 
connected in Fig. 1. Each of the bars is to be provided with a wedge or screw 
adjustment, so as to regulate the uniformity of the plane when any part sinks. 
To give an idea of the other form of rail, the section Fig. 4 is sufficient. Here 
it will be seen that the rail (if we may so term it) is of the form of a square 
tube or hollow trunk, i i, with an opening or slit on the lower side for the bar j 
(which is fixed to the axletree of the carriage) to pass through, for the purpose 
of being connected to a box or receptacle underneath. This square cast-iron 
trunk, or rail, is to be suspended, as in the previously described rail, to a chain 
of iron bars or wires, drawn nearly tight, so as to form a catenarian curve when 
stretched over the place to be crossed. 

The mode of propelling the carriages is, we believe, not statcJ t’ ii. 
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cation, but we understand it is to be performed, when the crossing of rivers or 
lavines is the object, by elevating that end in which the carriages are placed, 
and letting them find their way to the other end by their own gravity. By 
such a proposition, it is probable that the patentee does not intend it for any 
extensive work, as the means proposed of producing motion aie applicable only 
to such cases as we have mentioned. 

As it is indispensable that carriages which have to run upon edge railways 
should be provided with wheels that have lateral flanges upon their peripheries 
to prevent them from running off it ; and as such projecting flanges render 
them inapplicable to carriages on the common road, into which they would 
make deep destructive incisions, if drawn or propelled over them, it necessarily 
became of importance to contrive such a wheel, or periphery of a wheel, as 
would run without detriment on either road or rail. In rummaging over the 
dusty parchment-rolls of Chancery', we think we have noticed several methods 
of providing for this object ; but that which appertains to our present chrono- 
logical position is the subject of a patent granted to R. W. Brandling, Esq., of 
Newcastle-upon-Tyne, on the 12th of April, 1825. The wheels he uses for this 
purpose have tires, provided, as it were, with two peripheries or external circles 
of different diameters. Thus, upon an edge rail, the periphery of the smaller 
diameter of the tire runs upon it, and the larger diameter becomes the guiding 
flange to keep the carriage in its course. And when the same are run upon a 
common road, the larger diameter only comes into operation, keeping the 
smaller diameter clear of the ground, unless the latter should be in a soft state, 
when it will tend to keep the wheel from sinking deeper in the road. This 
patentee has likewise included in his specification some plans for making turns 
or curves in the roads, by means of projecting ribs on the surface of the rail of 
different elevations, with wheels designed to correspond thereto ; but as in these 
contrivances Mr. Brandling was anticipated a few weeks prior by Mr. W. H. 
James (already described), we shall not here enlarge on the subject. 

In the invention patented by Mr. Thomas Hill, Jun., of Ashton-under-Line, 
dated the 10th of May, 1825, that gentleman proposes to construct a steam- 
carriage equally adapted to run upon edge-rails, tram-plates, and the common 
road. _ For this purpose he makes the guiding flanges removable at pleasure by 
the withdrawal of bolts, by which they are connected to the fellies of the wheels. 
Another equally sagacious invention consists in making the running wheels of 
the carriage revolve loosely upon a fixed axletree, which, when applied to rail- 
way's, he considers to be a new and useful invention. This is, however, a mis- 
take, as they have been so used, but were abandoned on account of their 
unsteadiness, and other defectiv'e action. A third contrivance is to lock the 
fore-axle to the perch, to prevent its turning round when upon a railway', by 
means of a square staple entering loops or eyes. A fourth invention consists in 
making the rails of tubes instead of solid bars, to save metal, and obtain strength. 
Ihere are some other trifling appendages or alterations to steam-carriages and 
radroads, for the description of which we must refer the reader, who may want 
. “ further particulars,” to the enrolled document. 

We have now arrived at that period of our narration, (the 11th of May 1825 ) 
which, according to Dr. Lardner, “ is before all others in point of time,” when Mr. 
Goldsworthy Gurney made his debut in the field of locomotion ; when, by the 

original conceptions of his mighty genius ” (or the aid of a very large'^sub- 
scribed capital), he commenced building those steam-carriages, wliicfr after 
severd years labour of numerous clever workmen, were occasionally brought 
out ot the yard of the factory, and bowled a few yards about the beautiful rolds 

here ^ K ^s they did, when 

lufe to b "" Pari^^ent up," were a positive trea- 

^tb oL a "®rPl“ P^“^= columns of the latter Lre swelled 

celebrated invention,” and 
“earn to frere taught to be .eve that the important application of 

were ill-founded' w"' Gurney. To show that such notions 
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Tlie first patent graiUed to this gentleman was of the before-mentioned date, 
and was entitled “ a new invented apparatus for propelling carriages on common 
roads or railways.” The specification, which was enrolled in November follow- 
ing, is thus reported in the London Journal of Arts and Sciences, Vol. XIII. 

“ The mode of propelling carriages on roads and railways, proposed by the 
patentee, is by the agency of moving legs, or crutches, striking out under the car- 
riage, the lower ends of which legs are intended to bear against the ground as a 
resistance, and, being forced backwards by the power of machinery, cause the 
carriage to move forward in the opposite direction. Similar contrivances to 
this, have been repeatedly suggested. The patentee, therefore, is to be consi- 
dered as merely adopting this plan as one that he considers most convenient ; 
and claims as his invention simply the guide rollers attached to the legs, 
upon which the carriage naoves forward. The annexed figure represents the 
side of the carriage running upon ordinary wheels, with the steam-engine by 
which its propelling legs and other mechanism are to be moved ; a a is the perch 
or main-beam of the carriage ; b the working cylinder of the steam-engine, 
which in this instance lies nearly horizontal, and is supported in standards upon 
pivots ; c is the piston rod of the engine, with a small guide roller running 
upon the stationary block d. The piston rod is attached by a joint to the vibra- 
ting lever e, from which lever a clxain extends over small pidlies, let into the 



block d, and its ends are made fast to the other vibrating lever/; consequently 
these two levers acquire reciprocating motions from the action of the piston 
rod. At the extremity of the crane's neck g, the two oscillating levers h h are 
suspended, and these being respectively attached by connecting rods i i to the 
levers e and/ move simultaneously with the last-mentioned levers as the piston 
of the engine works to and fro. The lower ends of the levers h h are attached 
by joints to the horizontal rods kl, and these rods are connected to the sliding 
blocks which move the legs or crutches ni n. The horizontal rods k I, and also 
the blocks which carry the legs, slide along in rebated grooves, formed in the 
under side of the perch a, which grooves are represented by dots, and a portion 
of the side of the perch is removed in the figure, to show one of the blocks o with 
its rollers within. The block o has small vertical wheels, or anti-friction rollers, 
by which it is enabled to run freely along the rebate or ledge of the groove ; it 
has also small horizontal rollers, to prevent the block from rubbing against the 
sides of the groove. In the under side of each of tlie blocks, a pin p is fixed, 
which is intended to pass through the top of the legs m or.n, and a small helical 
spring is placed upon the pin, and secured by a screw nut, for the purpose of 
keeping up the top of the leg against the under side of the perch, hut yet 
affordin*’' it some degree of pl.iy 15v 'he ictioii of the steam-engine, and the 
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other mechanism connected thereto, the blocks o are made to slide reciprocally 
to and fro, along the groovee of the perch, in the manner above described ; and 
supposing one of the legs or crutches to be brought into the situation of m, the 
foot will take hold of the ground, and remain stationary, while the force of the 
machinery pressing against it, will cause the carriage to slide forward, and the 
leg m to assume the situation of n ; while n will be advanced into the situation 
of ra, and vice versa. Thus hy the reciprocating movements of the machinery, 
the carriage will be progressively impelled forward by the crutches or legs. In 
order to turn the carriage round corners or angles in the road, the axle of the 
hinder wheels is made to move round horizontdly, upon a central pin, by means 
of a strap or other contrivance applied at q. By tms strap and a suitable handle 
or lever, the conductor guides the course of the carriage in a straight or curved 
direction. The mechanism by which these blocks and legs are to be moved, 
may be varied in several ways; for instance, in place of the levers above 
described, endless chains or cords may be employed, passed over pullies, and 
attached to the blocks instead of the rods k L Other parts of the apparatus 
may likewise be varied in their detail, without affecting the principle.” 

The patentee sets out the particulars of his invention in the following words : 
“ I claim the use of a roller or rollers, wheel or wheels, to the upper ends of my 
said propellers, re-acting against a straight and smooth rail or plane affixed 
under and being a part of the carriage, such rail or plane being parallel, or 
nearly so, to the soles or bottoms of the carriage-wheels, whereby the carriage 
itself is enabled to be rolled over the upper ends of the said propeUers, crutches, 
or feet, by the mechanic^ power employed.” 

By tins clmm the patentee sums up the entire of his invention, and it consists 
of “ a roller” applied to the invention of William Brunton, which had many 
years before been found to be useless. It is still more remarkable, that even 
the very « roUer” or “ rollers ” were employed by Brunton in one of the modi- 
fications of his machine, as exhibited in IFVo. 4 of the specification, and fiiven in 
Vo\. XL. of the Repertory of Arts. , g « u 

We ought not to omit to state, that Mr. Gurney took out a patent at the same 
momentous period as the former, for a steam generating apparatus, which is 
&thfully described and illustrated by figures in the 13th vol. of the London 
Journal of Art^s It consists of two di^rent modifications j one of them showing 
a Imiler made of tubes bent into the form of the figure 8; and the other exliibits 
in ite cross section a circle surmounted by two crescent-shaped chambers. We 
shall only^ notice those points which^ are claimed by the patentee as peculiar to 
nis mvenfaon. The first is, “ the employment of wire-gauze to assist in con- 
ducti^ ffie heat” This was previously recommended in all the scientific 
periodicals published about that period ; but its obvious inapplicability to high- 
pre^ure bouere, caused the practical men of the time to leave it to the philo- 
s^hicd expenmenters from whom it originated; and Mr. Gurney soon found 
him^lf compelled to get rid of this original part of his invention. The second 
ptmt is, “ the formation of a boiler of tubes bent in peculiar curves ” A 
reference to the specification will show that the meandering of the patentee’s 
hffics cames th^ to describe variety of curve; consequently, whatever 
bend or twist a Iwiler-m^er iMy choose to give his tubes, must be an invasion 

partitions between plates to 
form ffistmet chambers. ^s refers to a miserable, absurd, and usekss imita- 
bon of James s cyhndncal boiler of tubes! F^rth, “separating the S^a^ 

boiler from incrustation by a chemical solvent ” ^What" ° f v® 

rienced men will bear us out in the observatmn that o do so . Expe- 

re-invented, were longbefore explodeHVt^’SiSss^TnX 
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point we are amusingly informed by Dr. Lardner (Treatise, p, 255), “ This 
method was ’perfectly effectual; and although its practical application was found 
to be attended with difficulty in the hands of common workmen, Mr. Gurney 
was persuaded to adhere to it by the late Dr. Wollaston, until experience 
proved the impossibility of getting it effectually performed, under the circum- 
stances in which boilers are commonly used. Air. Gurney then adopted a 
method of removing it by mechanical means. Opposite the mouths of the 
tubes, on the other side of the cylinders, are placed a number of holes, which, 
when the boiler is in use, are stopped by pieces of metal screwed into them. 
When the tubes require to be cleaned these stoppers are removed, and an iron 
scraper is introduced through the holes into the tubes, which, being passed 
backwards and forwards, removes the deposit.” This extract proves that Mr. 
Gurney not only abandoned his “ tubes bent into peculiar curves,’’but likewise the 
“ chemical solvent,” which constituted his second and sixth claims. The seventh 
claim is for “ an apparatus for regularly supplying the boiler with water,” which 
was to be done by the familiar yet exploded mode of working simultaneously 
by a connecting rod, two cocks situated on the opposite ends of a water 
reservoir. 

Having thus waded through, as quickly as possible, the materia as well as the 
medica of tliis “ happy series of inventions,’’ as they were denominated by a 
celebrated writer in th^Times Newspaper, it is natural to inquire what became 
of them. Hitherto a^iave never met with, nor ever heard of, a single con- 
trivance of Mr. Gurney’s that was ever brought into permanent use, or had the 
slightest effect in advancing or improving the art of steam locomotion. It is 
unquestionable that many steam-carriages were built under his orders ; but so 
have many more been built, before and .afterwards, by the expenditure of less 
money. We have seen what Mr. Gurney has claimed for himself in his speci- 
fications ; that most of them were of too puerile and absurd a character to 
deserve even a triql ; and that the remainder were notoriously long before his 
time publicly in use. Surely a man who could descend to such gross quackery 
would not have omitted to claim something really beneficial in locomotion, had 
he invented it. ’The inference is unavoidable, — that Mr. Gurney had no more 
to do with the invention of steam-carriages, than he had with the building of 
St. Paul’s Cathedral. After the expenditure of many thousands of pounds, he 
brought out one of his manufacture, towards the close, we believe, of the year 
1827. We shall annex a popular description of this carriage, which is 
extracted from a weekly journal puhlidied at that time. 

“ The carriage is constructed for accommodating six inside and fifteen outside 
passengers, independently of the guide, who is also the engineer. In front of 
the coach is a very capacious boot, while behind, that which assumes the 
appearance of a boot, is the case for the boiler and the furnace, from which no 
inconvenience is experienced by the outside passenger, altho^h, in cold 
weather, a certain degree of heat may be obtained, if required. 'Hie length of 
the vehicle, from end to end, is 15 feet, and, with the pole and pilot wheds, 20 
feet. 'The diameter of the hind wheels is 5 feet ; of the front wheels, 3 feet 
9 inches ; and of the pilot wheels, 3 feet. There is a treble perch, by which 
the machinery is supported, and beneath which two propellers, in going up a 
hill, may be set in motion, somewhat Similar to the action of a horse’s legs 
under similar circumstances, which assist in forcing the carriage to the summit 

“ In descending a hill, there is a break fixed on the hind wheel, to increase the 
friction ; but, independently of this, the guide has the power of lessening the 
foree of the steam to any extent, by means of the lever at his right hand, which 
operates npon the throttle valve, and by which he may stop the action of the 
steam altogether, and effect a counter vacuum in the mlinders. By this means 
also he regulates the rate of progress on the road. There is another lever hy 
which he can stop the vehicle instanter, and in a moment reverse the motion of 
the wheels, so as to prevent accident, as is the practice with the paddles of 
ste^-vesssels. The duty of the guide, who sits in front, is to keep the vehicle 
in its proper course, which he does hy means of die pilot wheels acting upon 
the pole, 
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“ I'he total weight of the carriage and all its apparatus is estimated at one 
and a Italf ton, and its wear and tear of the road, as compared with a carriage 
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jirawn bv four horses,' as one is to six. The engine has a twclv» i 

but may he increased to st.xteen : d,e actual pof er in use exc 

^ mil, IS eight hoi*s€s. ^ ^^cept in ascending 

‘ ''y 1 g.ve. a side view of U.e machine; « die 
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whom die whole niaiiagemeiit of the machinery and conduct of the carriage is 
entrusted. Besides this man, a guard will be employed, whose duty it wiU he 
to look after the luggage and passengers ; b the handle, w hich guides the pole 
and pilot wheels ; c the pilot wheels ; d the pole ; e the fore hoot, for luggage ; 
/the throttle valve of the main steam pipe, which, by means of the handle, is 
opened or closed at pleasure, the power of the steam and the progress of the 
carriage being thereby regiJated, from one to ten or twenty miles per hour ; g 
the tank for water, running from end to end, and the full breadth of the car- 
riage ; it wall contain sixty gallons of water; h the carriage, painted claret 
colour, and lined with cloth of the same hue, capable of holding six inside and 
twelve outside passengers ; i the hind boot, containing the boiler and furnace ; 
it is encased with sheet iron, and between the pipes the coke and charcoal are 
put, the front being closed in the ordinaiy way (as seen in Fig. 2), with an iron 
door. The pipes extend from the cylindrical reservoir of water at the bottom, 
to the cylindrical chamber for steam at the top, forming a succession of lines 
something like a horse-shoe turned edgewaj-s. Tlie steam enters the ‘ separa- 
tors’ tlrrough large pipes, and is thence conducted to its proper destination ; kk 
separators, in which the steam is separated from the water, the water descending 



and leturning to the boiler, while the steam ascends and is forced into the steam 
pipes of the engine ; I the pump by wliich the water is pimiped from the tank, 
by means of a flexible hose, to the reservoir conimimicating with the boiler ; m 
die main steam pipe descending from the ‘separators,’ and proceeding in a 
direct line under the body of the coach to the ‘ throttle valve,’ and thence, luider 
tile tank, to the cj linders ; n n flues of the furnace, four in number ; o the perches, 
of wliich there are three, conjoined, to support the machinery ; p the cylinders-- 
vor,. II. 3 o 
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Riere is one between each perch ; q valve motion, admitting steam alternately to 
each side of the pistons ; r cranks operating on the axle ; at the ends of the axle 
are ratchets which, as the axle turns round, catch projecting pieces of iron on 
the boxes of the wheels, and give them the rotatory motion — the hind wheels 
only are thus operated upon ; s propellers, used as the carriage ascends a hill ; 
t the drag, which is appUed to increase the friction on the wheel in going down 
a hill ; this is also assisted by diminishing the pressiu-e of the steam, or, if 
necessary, inverting the motion of the wheels ; « the clutch, bv which the 
wheel is sent round ; v the safety valve, which regulates the proper pressure of 
the steam in the pipe ; w the orifice for filling the tank ; this is done bv means 
of a flexible hose and a funnel, and occupies but a few seconds. Fuj. 2 exhibits 
a back view of the carriage, and the perches that support the machinery, not 
here introduced ; a the furnace door ; c gauge cock ; d blow cock ; e e steam 
pipes; // flues to furnace ; the pipes through wliich the water is propefled 
from the separators A h into the boiler. 

In October, 1825, Sir George Cayley, of Brompton, in A'orkshirc, obtained 
letters patent for a locomotive apparatus on the same principle as Mr. Barry's, 
described at page 445, but somewhat differently applied. An elevation of this 
machine is given in the following cut ; a a represent a side \-iew of the fore and 
hind running wheels of the carriage, the axletrees of which are made fast to the 
inclined ends of the waggon box b ; each of the two pair of wheels have deep 
grooves c c in their peripheries, and into these a stout endless chain d d is 
passed around, so as to connect tlie fore and hind wheels together on the oppo- 
site side of the carriage. To show the groove c, one of the wheels is represented 
with one of the side flanges removed. Each link of the chain carries two per- 
pendicular arms, which serve as the carrier or bearings to a small roller e e, 
which revolves at right angles to the running wheels. These rollers, which 
form a continuous series on both sides of tlie carriage, come successively in con- 
tact with the ground as the machine is moved in its course, and step over the 
obstacles that may lie in their path. But in the case of any of the rollers 



alighting on a prominent stone, which might cause an injurious strain upon the 
machine, a solid wheel or roller/ is fixed midway between the wheels on each 
side of the carnage, which receive and are capable of sustaining the pressure, 
in order that the carnage may be moved sideways, the roUers are placed at 
right angles with the running wheels. ^ 

• It®® introduced into his specification srme ingenious contrivances 

lor keepuig the wheels m a sti-aight path upon unlevel surfaces ; but as these 
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do not possess a vety practical character, we must refer the reader to the speci- 
fication for the particulars of them. 

In the early part of this article are given some plans for the employment of 
toothed racks to railways, to enable a carriage, provided with a toothed wheel, 
taking into the teeth of the rack, to obtain sufiicient resistance to ascend 
steep inclined planes : but the former were subject to the disadvantage of a 
strain or twist, the rack in them being placed on one side of the way. To 
obviate this defect appears to have been the object of Mr. Josiah Easton, who 
took out a patent, dated the 1 3th October, 1 825, for “ certain improvements in 
locomotive or steam carriages, and also in the manner of constructing the roads 
or rvays for the same to travel on.” The following brief description of this 
invention is given in the London Journal of Arts, Vol. XI. ; — “ Tliese improve- 
ments consist, first, in forming a line of road, with a raised part along the 
middle, upon which a rack, or toothed bar of iron is placed ; and secondly, in 
adapting a toothed wheel to the steam carriage, which shall take into the said 
rack, and being actuated by the rotatory power of the steam-engine, shall thereby 
cause the carriage to be impelled forward upon the line of railroad, and the 
trams or other waggons after it.” 

In the subjoined cuts. Fig. 1 exhibits a transverse section of the railrqad, with 
the end view of a waggon upon it. Fig. 2 is a side 
elevation of the same, showing the manner in which 
the carriage is di-iven ; n a is the road formed of 
masonry, the parts b h, on whiclt the running wheels 
travel, being on a lower plane than the eentral part 
c of the road, whereon the rack d is situated. ITie 
steam-engine, and other machinery appertaining to 
the locomotive, are constructed in the usual way; 
the only novelty in the carnage is the toothed 
wheel e, which takes into the rack d, fixed along the 
centre of the road; and this toothed wheel being 
made to turn through the agency of a train of 
wheels actuated by the steam-engine, the carriage 
is thereby propelled, and the waggons drawn after 
it. In order to keep the carriages in their track 
upon the road, tw'O guide rollers //are placed under 
the carriage, which nm against the side of the 
central rib, and this prevents them from moving 
out of their course. 


Fig. 1. 
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The chief resistance to the motion of carriages upon railways arisinsr. as has 
before been explained, from the friction of the axles, many attempts have been 
made to reduce it, by the introduction of anti-friction rollers, variousiv disposed, 
the design being to convert the rubbing, or sliding, into a rolling action : but 
the generality of the contrivances for this purpose have had no other con- 
sequence than the removal of the friction from one part to another, and of w eak- 
ening or encumbering the general structure by an unnecessary multiplicity of 
parts. How far these observations may apply to the invention of Mr. Brandreth, 
of Liverpool, patented in November 1825, we will leave the reader to consider. 
f i^. 1 exhibits a side elevation, and Fig. 2 an end elevation, of a railway 


Fig. 1. 


Fig. 2. 



waggon, to which Mr. Brandreth s patent is applied, a a are the axe.s of the 
running wheels i 4, turning in bushes, and suspended in an angular iron 
framing cc; at is another axis above, can-ying near its extrenTities anti- 
tnction rollers ec, the periphenes of which roll in contact with a grooied 
beanng on the lower axis, by the revolving motion of the latter. The drawing, 
J-tg. 1 IS intended to show a coal waggon, divided into two receptacles, and con- 
nected together by a lunge joint. They are provided with loose bottoms, so 
that when the.v are brought on to the stage, whereon or through which 

a bolt by the witliLwal of 

In November 1825, Messrs. John and Samuel Seaward, of the Citv Canal 
London, obtained a patent under which their claim was for “ the propellin- 
locomotive engines, vehicles, and other carriages, bv means of a wheel or 
wheels connect.;d either by a swinging frame or frames to the crank slmft of a 
steam-engine, or other moving power or working in circular grooves, so that it, 
or they, may rise or fall, to connect themselves to the roughness or unevenness 
of the ^ound, but supporting no part of the weight of the said engine such 
weight being entirely supported upon separate wheels.” ° 

A locomorive engine at n was placed on two pair of wheels 4 ; c is the crank 
sWt of a steam-engine within the body of the machine; to the shaft c is 
attached tlie swmging frame rf, with a propeller e turning on its axis q at the 
Vibrating end of the swinging frame The stram ^ tuc 

/, so that the machine mi|ht7avel upon rLvhToad"'’ “P"" 

^/i^lance between the flanges of die wheels 

iless tirradb "f ‘he rails, in passing round curves, 

Steuher L very considerable, struck forcibly the attention of Mr. Robert 

whfch f a very ingenious mode of obviating it, 

R is exLC 1®26. The follow ing description of 

usuarto the ex^v" Instead of two wdieels, Led as 

extremities of one axletree, Mr. Stephenson s plan is to have a 
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separate axletree to eac!i wheel, so that they may revolve independently, and at 
ditFerent velocities, as circumstances may require. The outer wheels of a four- 



wheeled carriage (or those which are on the longest of two cun'ed parallel 
lines) will therefore he at liberty to run faster than those on the inner side ((jr 
on the shortest line), thereby preventing that sliding motion, and its destnictive 
ertects, when passing round curves, which, on e.Ktensive lines of road, are gene- 
rally found unavoidable. 

Mr. Stephenson’s improvements in axles likewise embrace another objee^ of 
more momentous importance, that of providing a remedy for the unequal strain 
to which a carriage is subjected in passing over those parts of a railway that 


FigA. 



he hollow^ or below the level of the contiguous parts, owing to the sleepers or 
other supports having sunk or given way, which causes the carriage and its 
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load sometimes to rest upon three wheels instead of four, producing imdue 
strains or fractures, and at other times causing the carriage to pass oft the rails. 
To provide against these circumstances, the axletree of each wheel turns in a 
fixed bearing, which is bolted to the frame of a carriage ; tltis bearing, instead 
of having a circitlar aperture for the axle to turn in, has a long vertical slot, in 
wliich the axle can rise up and down, as may suit the undulations or imperfec- 
tions of the line of rail. This, however, could not take place, unless the opposite 
extremit}- of the axletree moved upon a univ'ersal joint, which Mr. Stephenson 
has adopted, giving the preference to the hall and socket for that purpose, on 
account of its strength and simplicity. Fig. 1 exhibits a plan of a carriage- 
frame, with its wheels and axletrees ; and Fig. 2 a side elevation or section, as 
seen from the interior of the frame. Similar letters of reference in each figure 
indicate corresponding parts ; a a shows the frame of the carnage : b c b c the 
four tapered axletrees, having at the small end of each a globular knob, revolving 
in a hollow spherical socket, as seen at e e e e. In Fig. 2 the bearings / / are 
sliown bolted to the carriage-frame a ; at g, the axletree is seen in the upper 
part of the hearing ; and at h, the axletree is shown to have fallen down the 
slot, allowing the wheel to accommodate itself to the sunken part of the rail i. 

In this last contrivance the wheel alone is supported, and the carriage has 
still to sustain the unequal pressure, owing to its resting upon three wheels. 
The chief advantage that residts from it, is in keeping the wheel always on the 
rail ; because, if the hollow was so great as to allow the fianch to rise above 
the surface of the rail, the carriage might in its progress be thrown over, pro- 
ducing very serious consequences. An accident of this kind recently occurred 
to the new locomotive carriage of Messrs. Braithwaite and Ericsson (the 
“ William the Fourth”), on the Manchester and Liverpool railway, by which 
it was very nearly thrown down a deep precipice ; proving the necessity of some 
contrivance to effect the object aimed at by Mr. Stephenson’s arrangement. 

Apian for crossing over rivers and valleys, was patented in March, 1826, by 
Mr. Robert Midgeley, of Hosforth, near Leeds. The specification does not 
explain the arrangement designed veiy clearly, and there are no drawings to 
assist the understanding ; but as far as we do comprehend it, it bears a close 
analogy to a plan publicly proposed many years jwior, and much talked of at 
the time, for crossing the river Thames, near to the site of the present South- 
wark bridge. The patentee’s proposition, we understand to be this; — An 
elevated platform or ear, surrounded with rafting, supported upon legs, and 
strongly braced in diagonal directions is to be constructed. This lof{y car is to 
be provided with wheels underneath, which are to run in a double railway laid in 
the bed of the river, or on tlie surface of a valley, for the transportation of 
passengers and goods ; thus constituting a sort of travelling bridge, wliich is to 
be drawn across by a rope or chain affixed to the opposite shores, in such a 
manner as to offer no obstruction to craft. It is to be worked b_y a windlass, 
either on shore, or on board. 

By another modification, it is proposed that the railway shall have a toothed 
rack, into which a pinion on the framing of the machine is to take, and be 
worked by a suitable power on board the machine. The top of the machine is 
to correspond with the level of the landing places ; and in order that this 
machine may not be obstructed in its passage, by the gathering of weeds, mud, 
and other things upon the railway, a kind of plough is placed in front, which is 
designed to cut them through, or turn them aside as it proceeds. 

A successftd attempt to employ kites, acted upon by the force of the wind, to 
move carnages, was made by Messrs. Viney and Pocock, in 1826, when those 
gentlemen proceeded from Bristol to London in a light kind of phaeton, pro- 
pelled in that manner ; and for which invention they obtained letters patent, 
dated the 18th October, 1826. The details of this" invention are given under 
the head Carriaqes, at page 323 of the first volume of this work. Several 
modes of eraplojing atmospheric air, by condensing its natural volume, and 
causing its subsequent ex-pansion in a cylinder to move a piston, and thereby 
gi'e the propulsive effect to a carriage, have been proposed, which we shall 
hereafter briefly describe. 
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In 1 826, Mr. Samuel Brown applied his gas- vacuum engine to the propul- 
sion of a carriage, which we are informed was effectively worked along tlie 
public roads; and that it even ascended the very steep acclivity of Shooter’s 
Hill, in Kent, to the astonishment of numerous spectators. The expense of 
working this machine is, however, said far to exceed that of steam ; and con- 
sequently this circumstance will form a barrier to its introduction, until its 
ingenious inventor shall succeed in removing it by devising a more economical 
mode of operating. 

An arrangement for a locomotive carriage was patented in December 1826, 
by Mr. Frederick Andrews, of Stamford Rivers, in Essex ; the peculiarities in 
which consist, first, in employing a single steering wheel in front of the car- 
riage, the axis of which revolves in two lateral bars of a framing that connects 
it to the axletree of the fore wheels, and thereby turns the latter with it. To 
give effect to this steering wheel, the franting is designed to carry luggage, or 
other sufficiently heavy article. Another arrangement of the inventor’s, con- 
sisted in emploj’ing a pair of engines working upon pivots or trunnions, so that 
by their vibrations the piston rods might be directly connected to tlie llu'ows of 
the crank, and adapt their inclinations to the varied motion of the latter. The 
other arrangements will be easiest understood by reference to the annexed out. 
a shows a vertical section of a 
cylindrical boiler ; c is the fur- 
nace, the heated matters from 
which pass longitudinall}' un- 
der the boiler, and then return 
to the front through a central 
flue i, before it enters the 
chimney, not shown. Trans- 
versely tlirough the centre of 
the boiler there is a tubular 
passage, open at each end, 
through which tlie axis of the 
wheels gg passes, sufficient 
space being made in that tube 
for the cranked portions ff of 
the axis also to pass through. 

The piston rods being con- 
nected to the throws of the 
crank, it of coarse causes them 
to revolve, and with them the wheels by- which the carriage is propelled. 
The boiler is suspended by stout iron arras to a frame above, which forms a 
part of the general ti-aine, and is supported upon springs ; tjie ftirnace c is sus- 
pended to the boiler by sti-aps, the sides of which are lined by a series of hori- 
zontal tubes, in connexion with the boiler, which serve the double purpose of 
intercepting lateral radiation, and of assistmg in the generation of vapoiu-. 
Although some of these arrangements may be without practical advantage, 
they mark a considerable degree of ingenuity in a gentleman residing in a 
retired part of the country. It will be observed that it was not until after the 
sealing of this patent that Mr. Gurney fell upon using his pilot wheels and 
trunnion engines. 



Amongst those individuals who were taught to believe that the adiiesion of 
plain wheels to the surface of the conunon road, was insufficient to propel a 
locomotive carriage, was Mr. James Neville, an engineer of Shad Thames, 
London, who took out a patent on the loth January, 1827, for a “new-invented 
improved carriage,” to he worked by steam; tire chief object of which appears 
to have been to provide wheels adapted to take a firm hold of the ground. He 
proposed to make each of tlie spokes of the wheels by means of two rods of 
iron, coming nearly togetlier at the nave, hut diverging considerably apart to 
their other ends, where tliey were fttstened to an iron felly-ring of the breadth 
of the tire ; and tliis tire was to he so provided with numerous pointed studs, 
about half an inch long, as to stick it into the groimd to prevent die wheel tjom 
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slipping round. A second method deWsed by the patentees, of preventing this 
efiect, has, we believe, been patented more than once. This is to fasten upon 
tlie tire a series of flat springing plates, each of them forming a tangent to die 
circumference : so that, as the wheels roll forward, each plate shall be bent 
against the tire, and recover its tangential position as it leaves the ground in its 
revolution. By this arrangement it was considered, tluit if there was any 
disposition to slip, the increased bearing surface of the pl.itc, and the resistance 
of its farthest edge, would infallibly prevent it. Mr. Neville does not explain 
how he would prevent the road-stuff from getting between the plates and die 
tire, and forcing them oif the latter, or at the least bending them so as to change 
the circidar periphery into an irregidar polygon. 

For propelling the can-iage, Mr. NevUle proposes to use an horizontal vibrating 
cylinder, to give motion direct to the crank axis, by means of the compoimd 
motion of the piston rod, as invented by Trevithick ; the motion to the lunning 
wheels to be comnumicated through geer of ditlerent velocities ; the boiler 
and blowing apparatus to be according to fonner patents of 1S23 and 1820'. 

It is perhaps impossible entirely to prevent the sinking of certain parts of a 
railroad, so as to cause by such inequality of level die carriages travelling upon 
it occasionally to bear upon only three wheels, rendering them thereby liable to 
severe strains, and sometimes to breakage, as well as flying off the rails. At 
page 477, we have described Mr. Stevenson’s axletrees designed to remedy this 
evil, and we have now to notice a patent granted to Mr. William Chapman, of 
Newcastle-upon-Tyne, for a similar object, and dated the 14th of August, 1827. 
The improvements for this purpose are performed by detaching the axles from 
the bottom of the waggon, and connecting them together at the same distance 
from each other as before, by two bars of wood or iron of that length, fixed on 
the turned parts near the wheels which bars have cavities at each end, opening 
downwards, properly fitted for the revolution of the axles, and extending below 
diem a sufficient distance to admit of the introduction of a greasing apparatus, 
diat will presently be described : these bars may be made elastic, so as to have 
tlie effect of springs, if this be preferred. The waggon is supported above these 
bars by a gudgeon or axle that passes across the middle of its bottom under- 
neath, and rests on the middles of the two bars. This gudgeon is fastened to 
the side pieces of the frame-work of the waggon’s bottom by staples at each 
end, while it is secured to the bars by sockets or joints, that admit of motion in 
a vertical, but preclude it in a horizontal direction ; and, at the same time, ver- 
tical bolts descend from the waggon’s bottom frame, below their sustaining bars, 
near ends, and outside them, so as to enclose and secure them better from 
lateral motion, in passing round curvatures in the rails, admitting them at the 
same time to move up and down with facility. To strengthen the lower frame 
of the waggon, and give more support to its extremities, upright bars are fixed 
directly over the central gudgeon at each of its sides, from the tops of which 
diagonal rods descend obliquely in opposite directions to the terminations. of the 
side pieces of the frame. 

By this arrangement of parts all resistance to the vertical motion of the 
wheels is removed, by the flexibility of the joints of this secondary frame 
beneath the waggon, so that the load will be supported equally by eacli of the 
wheels when not exceeding the usual number of four, in any inequality of the 
level of the rails that is not beyond all bounds ; though should six or more 
wheels be employed with one waggon, a more complicated frame-work would 
he necessary to produce the same equality of support. 

The greasing apparatus before mentioned, that is directed to be placed 
beneath the revolving parts of the axles, consists of a horizontal i;alauce, lever- 
jointed at its centre of motion to the middle of one of the descending sides of 
the axle beds at the ends of tlie sustaining bars, the outward arm of which lever 
has a sliding weight attached to it, the shifting of which farther frem or nearer 
to the centre, regulates the degree of pressure with which the ol’tier arm is 
forced up against the under part of the axle ; above this latter arm a piece of 
nietai is placed, that is excavated at its upper surface so as to fit the lower part 
of the axle, and has projecting parts at its ends that slide up and down in 
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f^rooves at tlie biiU'n of the lower pait of the axle, ami has projecting pi.U3 at 
Us emlb that slide up and down in grooves at the side of the loner pails of die 
axle bends, whioli i etain it in its place while being pressed upwards by the means 
mentioned ; and a double piece of woollen cloth, or other substance proper for 
bolding giease or oil, and well saturated with either, being placed between mis 
last mentioned piece of metal, and the lower side of the axle, the piessiue 
caused by the weight on the opposite arm of the lever will make it closely 
apply to the axle, so as to keep the latter constantly well greased, independent 
of any niinute care of the attendants. 

A spring may also be used similarly to the weight mentioned, for pressing the 
hollow metal piece towards the axle in the laticr apparatus ; that wliicli the 
patentee recommends for this purpose, is a flat thin lamina of steel, jiiaced hori- 
zontally through apertures in the lower parts of the axle beds in the sustaining 
bars, so as to press against the bottom of the hollow metal piece with a force, 
that is regulated by a screw, which passes upwards against one of its ends 
through a hole underneath the apertuies in which this latter is inserted. 

Amongst the singular propositions for jn'oducing a locomotive action, was 
that invented by Mr. T. S. Holland, for which he took out a patent, dated the 
19th December, 1827. The invention consists in the application of an arrange- 
ment of levers, similar to that commoidy known by the name of laxii-tDuyx, fur 
the purpose of propellittg carriages. The objects appear to he, to derive from 
the reciprocating motion of a short lever a considerable degree of speed, and 
to obtain an abutment, against which the propellers should act horizontally, in 
the direction of the motion of the carriage, instead of obliquely to that motion, 
as is the case when carriages are impelled by levers striking the earth. The draw- 
ings attached to the specifleation seem designed rather to explain the principle, 
than to represent what the patentee would deem an eligible form of its application, 
(See next page.) a is one of the main wheels of the carriage; attached to the 
axle is a long guide-rod b b, extending before and behind, and passing through 
holes in the blocks c c, placed over the beds of the projielling wheels J t! ; e e 
are double palls, acting against two sets of ratchet wheels on tlie boxes of </d; 
ff standards attached to the beds or a-xlcs of il d, and serving to place them 
in any required position, by means of the wheels attached to them ; y y a 
series of expanding lever.-,, the centi-al pair playing upon tlie main axle ; 
h h a pair of longer bars, connected with the two bars y y, at their lower 
ends, and with each other, at the upper ends, by a bar, shown by dots, between 
two uprights ; tlie fulcrum /, a lever connected by a rope m, w ;th a counter- 
weight, supported by two short bars o o, MispeiiJed from the lower bars y y ; p 
a fly-wheel, connected with the upper extremities of the bars h ii, which rise 
and fall in grooves, in the upright post q, the fly servmg to equalize the motion; 
r the platfonii or carriage. 

The action is as follows : — Supjiose the apparatus in the position shnwii in 
the engi-avlng ; allow the weight n to descend, and the levers y y will cnllajise ; 
but as the wheels d d can only revolve in the direction of the arrow, on acconnr 
of the palls e e, the wheel d 1 will remain stationary, and the wheel d, and the 
main wheel a, will he drawn towards d 1. On raising the weight, the levers (/ ,/ 
will be extended, and y 2 now becoming stationary, the centre wheel a and !/ 1 
will be pushed forward from d 2. 

Two days after the last-mentioned contrivance obtained the privilege of the 
Great Seal, Dr. Harland, of Scarborough, also passed a nateiit for what may 
be denominated a steam phaeton, fi-om the figure of the carriage given iii 
the specification, of which the engraving on page 483, is a sutlicieut 
resemblance. 

“The improvements contemplated by Dr. Harland, arc stated, in Ids specifi- 
cation, to consist, first, in the construction of a boiler, by which a very laigc 
surface of the fire and flue will be placed in contact with the water, for the 
rapid production of steam : secondly, in the employment of a condenser, which, 
by its extensive surface, shall condense the steam by the influence of the atmo- 
sphere ; thirdly, in a mode of fixing the working cylinder, without allowino- it 
to vibrate in hollow anus or trunnions. ^ 
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in part from the action of t)ie file, f i.s a '.phtrical ve-’-el on tlie top of the 
reservoir, the ohjecl of which is to pnwciit the water tluovii up 'uitli tlic sti’iim 
being driven wiiti the steam into the pipe ;/, wliich comeis it to tlie uoikiiig 
cylinder 4; this ceiinder is secured liori/.ontally to the lied of the carriage, 
and having guides extending from end to end, in which side-rods, attached to 
the cross on the piston rod, move, and carry with them tlie connecting rod 

which turns the crank / ; tliis crank has on its axis a toothed wheel y/i, and 
revolves on bearings placed on the bed of the carriage. The carriage receives 
its impulse from tlie engine upon the hind wheels; the axis of these carry siurJl 
tootli-wlieels wliich gearing into m, receive their motion, and thereby turn 
round the running wiieels. Arrangements are made by the patentee for throw- 
ing the toothed-wlieels m and n out of gear, and bringing into operation another 
pair of wheels on the same axles, when additional power is wanted; but the 
apparatus for this purpose is not brought into view in the engraving, to prevent 
confusion. At o is an eduction pipe, leading to a series of tubes p, which are 
denominated the condensing chambers, and may tie used, either alone or in 
conjunction with water, to condense the steam on leaving the cylinder ; q, is a 
pipe for conducting the hot water and uncoiidensed steam into a globular 
vessel 1 ', connected with an additional series of condensing pipes s, of an annu- 
lar fonii, and connected with each other by short pipes; f, is a pipe for refill n- 
ing the condensed water from r to the boiler, by the aid of a small force pump ; 
e is a forked i-od attached to the steering wheel x, and descending into holes in 
the arms of the fore wheels, and having liberty to move up and down, accordiin'- 
with the inequalities of the road; the vertical standard, upon which the uppi r 
steering wheel s is fixed, also forms the centre of motion to the arms of the loro 
wlieels, and is thereby made to direct them in their course. 

“The advantages contemplated by Ur. Harland in these arrangements, will, 
we fear, not be realised. In the constniction of the boiler, there is nothing 
upon wliich we can congratulate him. The attempt to condense the steam has 
been long since abandoned by those who have had the most experience on the 
subject; it is evidently inijiriicticablc to carry sufficient water to eftect even a 
tolerable condensation ; the conducting power of the air is much too slow for 
the abstraction of the heat, and it should be considered that the air which is 
liberated from the boiling water, would require a pump to draw it off which 
would add complexity to the machinery. With regard to the mode of fixing 
tlie cj-linder, it dillers but little from that adopted by Mr. Gnrnev. 'I'he mode 
of communicating the power to the wheels is extremely defective, for it will be 
observed, that the drivuip toothed-wheels m are (in effect) mounted upon the 
springs of the carriage, abme the (hi mi toothed-wheels n, by which means they 
will be continually liable to be tlirown out of gear by the motion of the car- 
nage, and the teeth will be liable to break from the same cause.” 

Pursuing our narration chioiio'ogically, we must now diaw the reader's atten- 
tion to the iaboms of Mr. W alter Hancock, wlio commenced his career of con- 
structing locomotive carriages about the same time as Mr. Gurney ; but whose 
mechanical arrangements possess far more originality and genuine merit, and 
have, in consequence, been attended with greater success. It was at this period 
(1827) that Mr. Hancock took out hi.s first patent, which was for a light In'oh- 
pressure boiler, designed for locomotive purposes ; the description of this ^we 
sliali, however, defer; until we hai-e made a retrospect of his previous labours. 

1 his gentleman, ive are informed, began his experiments in the year 1824, 
with an engine of his own invention, and of a very singular constriicfion ; but 
wliich he imagined was peculiarly suitable for locomotive purposes. 'J lie eiiviue 
had neither cylinder nor piston, but consisted of two flexible bags, made of Ins 
brotlier patent artificial I iithcr, composed of caoutchouc, combined with several 
layers of linen. Couiiminications, by me.ans of a four-way cock, admitted the 
steam iuteruately into these bag-', which being attach.ed to "a suitable frame with 
a slide motion, the alternate fiihng and exhau-ting took place, and the recipro- 
cation prodneed by their e.xiiansion and contraction was communicated to a 
1 ran ', which converted it into circnhu' inotion. 'I'he caoutchouc was found 
to aiisnci till- a short liino, hut the heat soon rendered the hags permeable, and 
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of course the engine useless. Having satisfied his mind that caoutchouc could 
not he efficaciously employed in this way, he resorted to cylinders of the ordinary 
metallic kind, and in a short time had completed a model therewith of a steam- 
carriage. which was tried on the public road. The indications of success which 
this model gave, decidedly convinced him of the feasibility of the project of 
steam propulsion on the common road, and that the principal thing required, 
was a compact, light, and powerful boilei. nbich lie ne,\t set about to con- 
trive. 

Tlie difficulties which had been e.vpe- 
rienced by various individuals in the 
construction of tubular boilers, led 
Mr. Hancock to consider of some 
arrangement by which the water, e.v- 

posed to the action of the fire, might ^ 

be le.ss divided, and yet extended over ' 

a large surface ; and the plan now 

occuried to him, which he has since 

successfully followed in the sevend 

steam-carriages he has built, and has 

ajiplied to other purposes. In the 

annexed figure is represented an 

elevation of the first modification of 

this boiler, with a part of the casing ff 

removed to show the interior stnicturc. 3 

At B is the firc-piace ; D the stoke- 
hole ; E E are a serie.s of flat parallel 
chambers to hold the water, made of 
the toughest sheet-iron, and placed 
side by side, at a sufficient distance 
apart for the flames and heated air to 
pass up between them, as shown at 
H H. Each of these flat vessels ex- 
tends across the furnace chamber, so 

as to fill its whole area in a vertical plane : and they are all connected at the 
bottom, for keeping the water in each at a uniform level; and at the top of each 
ol the chambers there is a steam-pipe tlwt leads into another larger steam-pipe, 
common to them all, and by which the engines are supplied. To keep the 
individual water chambers K E at uniform oist.'inces apart, and confer, at the 
same time, adequate strength to them, a series of vertical bars or fillets are 
fixed between each pair, t herefore, instead of the flames ascending between 
each pair of plates in otie nuhroken sheet, it is subdivided, and made to pass 
through a mimbcr of rcctancuhir eh.mncls. leprescnting in their outline so many 
square tubes. This comliination of water ehambei s and alternate flues, is 
hound together by a system of very massive holts externally, proved to be 
capable of sustaining a vastly greater pressure than the boiler is ever subjected 
to ; and it is unquestionably a great merit in this boiler, that the thinness of 
metal, and consequent weakness of the individual waler chambers, constitutes 
each, in effect, a safety valve. A better arrangement than this for absorbing the 
lieat of the furnace, and, consequently, for the rapid poduetion of steam, .seems 
scarcely to have been requisite ; but the active mmd of the inventor, ever bent 
upon improvement, soon found means to increase its efficiency, and reduce its 
weight; which are, of cour.se, objects of the utmost importance in steam loco- 
motion. 

The incre.ased efficiency was obtained by “ embossing ” the plates; by punching 
or pressing them between dies, so as to cause a series of hemispherical bosses, 
of nearly the shape and size of watch-glasses, to be projected all over their 
external surfaces ; so that when the chambers are brought together, the tons of 
these come into contact, and thus a series of spaces are formed between them, as 
shown at // // li in the cut on the following page ; t e being the w ater chambers, the 
projections on which ate su'..icicnth obvious; the surface of metal covered with 
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water is thus greatly extended, and the ascending current of lieated rnatters is 
made to impinge against their projections, which are not placed in vertical lines 









upwards, but zig-zag, as sliown in the following cut, which represents a side 
view of a portion of one of the chambers. The vertical bars, described in the 
first modification, are therefore here entirely got rid of, and their entire weight; 
and, at the same time, a much more powerful boiler obtained : and one that it is 
scarcely possible to exceed in compactness, wliich is a property of considerable 
importance in locomotion : and in the facility of repair, which it admits of, it 
excels all others; there being nothing more to do than to unscrew the great in- 
ternal bolts, take out the faulty chamber, and replace it by a new one, reconnect- 


o o o o o 
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i o o o o o 
lO o o o o o 


ing the steam and w.atcr pipes, and screwing up the great bolts again. It is a 
remarkable circumstance, that Dr. Lardner condemns this boiler of Mr. Han- 
cock's on the very grounds that we think its merit consists ; which we shall here 
hiiefly state, in order that his opinion may have its due weight with our readers. 
In his Treatise on the Steam Engine, the Doctor observes, with respect to this 
invention, that “ thin plates are the form which, mechanically considered, ate 
unfavourable to strength.” The inferences to be drawn from this remark are, 
that the plates have no support at their sides, and that Mr, Hancock was so 
weak minded as to depend for strength in a high-pressure boiler upon thin 
plate-iron; both of which inferences are obviously absurd and untrue, (Were 
we disposed to he hypercritical, we should s,ay that the le.arned Doctor's position 
is, iu every view, untenable — for we conceive that thin sheet-iron is, “ meckani- 
cuilg considered, " stronger than thick sheet-iron, having acquired by the rolling 
mills more tenacity and ductility.) The advantages of the thin metal above 
thick in Mr. Hancock's boiler, are evidently these ; that every one of the com- 
partraonts between the supports is not only in effect a perfect safety-valve, as 
before observed, but a much more rapid conductor of the heat to the water, 
than if it were formed of thick metal. 

Tile next objection taken by Dr. Lardner is, that tlie upper parts of the w'ater 
tliiimliers are liable to early destruction from containing no water. On this 
point we would individually merely observe, that these parts are so far removed 
from the intense action of the fire, as not to bo liable to early injury from that 
cause, and that the advantage of increasing the elasticity of the steam by the 
waste heat before it enters tlie chimney, more tlian compensates for the slightly 
increased oxidation that the metal may sustain from _the heated air. Dr. 
Lardner, however, so far from admitting that there is any advantage in hearing 
the steam, insists that there is a positive loss; these are his words- “It has 
been observ'ed by engineers, and usually shown by experiment, that if steam be 
heated on the surface of the water, it will he decomposed, and its elasticity 
destroyed.” Where can that engineer be found, and where may that experiment 
lie icen ? vVe venture to assert that the former has no name, and the latter no 
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place. We need not stop to discuss this point, as our scientific readers well 
know that the statement is directly at variance with all reason and theory ; and 
we know from experience, that it is equally at variance with practice. We have 
repeatedly applied a lighted brand to the steam chamber of a tubular boiler, 
when the engine to which it was attached was working sluggishly, and the 
result has uniformly been, such a sudden accession of force as to cause the 
engine to ‘go off’ with impetuous violence. It was once a prevalent oiiinion, 
that the reheating of steam, so as to raise its temperature to tlie same degiee as 
it would have acquired by heating the water alone, would have the effect of 
communicating to it a similar degree of elasticity ; but those who tried it, being 
disappointed by finding the reality fall so far short of their high expectations, it 
was entirely overlooked by them ; hence the unreflecting ran into the opposite 
extreme, some saying there was no advantage, and otiiers that there was a loss ; 
a loss of elasticity by the interposition of caloric ! We shall, however, close our 
remarks on this point by reference to the opinion of Mr. John Farey, who 
requires no additions to his name to distinguish him as the highest authority in 
this country on such subjects as the present. In his evidence before the Select 
Committee of the House of Commons on steam carriages, at page 42, he says, 

“ Mr. Hancock has taken the middle course in subdividing the water in his 
boiler, having all that can be required for safety ; and the weight, on the whole, 

I believe to be less than that of any other boiler which will produce the same 
power of steam ; for, owing to the freedom with which the steam can get away 
in bubbles from the water, without carrying the water with it, the surface of the 
heated metal is never left without water. Hence a greater effect of boiling is 
attained from a given surface of metal and body of contained water, and that 
with a much greater durability of the metal plates, than I think will ever be 
obtained with small tubes.” Mr. Hancock being satisfied that he had obtained 
in this boiler the requisite means of generating adequate power, turned his 
attention to the various arrangements of the carriage and propelling machinery. 
His first carriage was constructed upon three wheels, and the power was applied 
through the medium of two vibrating engines fixed upon the crank axle of the 
fore wheel. The direct application of the power to the crank by this method, 
gave him ardent hopes of success ; and three wheels have the unquestionable 
advantage of greater facility in steering. After many trials, however, and various 
alterations, experience proved that it was attended with so many “ practical 
drawbacks,” that it was finally abandoned. After this, Mr. Hancock devoted 
much time to the construction of a propelling apparatus, under the idea that 
was so pertinaciously inculcated by writers (in spite of the experience to the con- 
trary by railway engineers) that “ the bite ” of plain wheels upon the common 
road was insufficent to propel ; but experience proved to him also, the utter 
uselessness of any such adjuncts as propellers, as they were distinctively termed ; 
and he moreover found, in liis first carriage, that the single fore wheel uloiie 
was fully adequate to perform that office. 

Defective as this first carriage must necessarily have been, Mr. Hancock 
states in a memoir that he has had the kindness to transmit to us, tliat it ran 
many hundred miles in experimental trips from the writer’s manufactory at 
Stratford, sometimes to Epping Forest, at others to Paddington, and frequently 
to Whitechsmel. On one occasion it ran to Hounslow, and on another to 
Croydon. In every instance it accomplished the task assigned to it, and 
returned to Stratford on the same day on which it set out. Some of the experi- 
ments we personally witnessed. 

Subsequently, this carriage went from Stratford, through Pentonville, to 
Turnham Green, over Hammersmith Bridge, and thence to Fulham. In that 
neighbourhood it remained several days, and made a number of excuihions in 
different directions, for the gratification of some of tlie writer’s friends, and others 
who had expressed a desire to witness its performance. In the course of these 
early experimental trips, Mr. Hancock experienced the usual fate of all who n.u 
counter to long standing usages and prejudices ; namely, to be ridiculed by the 
many, encouraged by but a very few, and fiercely opposed by all whose personal 
interests were threatened witli injtuy by his proceedings. Some would admit 
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frankly tliat the carriage worked well : but expressed their decided conviction 
that It would never answer for a continuance. Others would depreciate its 
performances, exaggerate its defects, and exult, as it were, in every instance of 
accidental stoppage. If requiring temporary accommodation, through the 
failure of some part of the machinery, a circumstance naturally enough of fre- 
quent occurrence in this early period of his locomotive career, Mr. Hancock 
usually experienced the reverse of kind or considerate treatment. Exorbitant 
charges were made for the most tiifling services, and important facilities with- 
held, which it Hould have cost nothing to afford. If temporal ily detained on 
the road from the want of water, or from any other cause, he was assailed with 
hooting, yelling, hissing, and sometimes even with the grossest abuse ; wag- 
gons, carts, coaches, vans, trucks, horsemen, and pedestrians, pressed so close 
on the carriage, as sometimes to preclude the possibility of moving; and his 
situation was often rendered very irksome and irritating ; sometimes very 
hazardous. Undismayed by these untoward circumstances, however, he perse- 
vered in his experiments ; and as the novelty of such exhibitions wore offj so 
did the excitement and the opposition which they at first produced. 

Becoming convinced from experience that there was a disadvantage in 
applying the power directly to the crank, as before noticed, Mr. Hancock next 
placed the engines quite behind, and at the same time altered the form of the 
carriage, so as to make it more nearly resemble an ordinary horse carriage. Much 
study and labour were spent upon the various alterations that were suggested 
and tried from time to time. But the difficulty of keeping the machinery 
clean, owing to its proximity to the fire- place, as well as to the road, was found 
in practice to be so strong an objection, that this form of carriage was also 
abandoned. Nevertheless with this carriage, one point, of the greatest import- 
ance in steam travelling, was most satisfactorily determined. The possibility of 
a steam carriage ascending steep hills had been doubted and questioned bv 
many ; and to remove, if possible, all scepticism on the subject, a day was 
appointed for taking his carriage up Pentonville-hill, which had a rise of 1 in 
18 to 20, and a numerous party assembled to witness the experiment. A 
severe frost succeeding a shower of sleet, had completely glazed the road, so 
that horses could scarcely keep their footing. The carriage, however, without 
the aid of propellers, or any other such appendage, ascended the hill at consi- 
derable speed, and its summit was attained, while his conqietitors, with their 
horses, were yet but a little way from the bottom. Stimulated by the suc- 
cess of such experiments, he remodelled the entire arrano-ement of the 
machinery. The trunnion engines were laid aside, and fixed ones substituted • 
and such other alterations and improvements adopted, as had suggested them- 
selves during actual work upon the road. The carriage, as thus reconstructed, 
was called, in reference to the infancy of the undertaking, the “ Ini.vnt.’’ In 
this engine, the bulk of the machinery is fixed in the rear of tlie part appro- 
priated to the passengers. There is, first, the boiler, with the fire-place under 
it. Second, a space between the boiler and passengers, for the engines, and the 
engineer who accompanies the carriage, w-hence he has the whole of the 
machinery within his reach, and open to his view ; and is thus enabled, during 
the progress of the carriage, to lubricate the parts requiring oil — attend to 
the gauge-cocks, and regulate the supply of water to the boiler, as well as the 
degree of blast from the blower — to increase or diminish the generation of 
steam, according to the various states of the road, and the wants of the eimines, 
—and generally to give his immediate attention to any portion of the machinerv 
requiring adjustment. And, third, a pair of inverted fixed engines workin<- 
vertically on a crank shaft. The whole is on one framing, supported bv four 
common coach springs, on the axle of each wheel. 

On the crank shaft and on the axle of the hind wheels, are fixed indented pul- 
eys, around which an endless chain passes, which communicates the power and 
crank shaft to the hind axle, and propelling wheels, and 
t ereby effects the progressive motion of the whole carriage. When it is 
esired to back the carriage, the action of the engines is merely reversed, which 
can be effected almost instantly. The advantages realised by the impro\ ed 
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arrangement shown in the Infant are numerous. Ihe engines are completely 
protected from the dirt and dust of the roads ; are at all times in sight of the 
engineer, and every part of them is within his reach. The passengers, engines, 
boiler, fire-place, &c., are all equally relieved from concussion, by complete sus- 
pension on springs, similar to a stage coach ; the chains allowing full play to 
the springs,'and a vibrating stay from the crank to the axle preventing the pull 
of the chains, and securing a uniform distance between the axle and crank 
shaft. By the employment, too, of a distinct crank shaft, the axletree, which 
has to carry all the weight, is not only preserved straight, and consequently of 
the best form to sustain that weight, but it is also relieved from the strain which 
it has to bear, where it forms both crank and axle, and has to propel the car- 
riage, and carry the weight as well. The Infant thus fitted up, was tried in 
every possible way, during several months, and proved so perfectly efficient, 
that in all the carriages which Mr. Hancock has since constructed, he has 
adhered to the same general plan of arrangement, with the exception of some 
modifications in the details, which more extended experience has suggested. 
But though the general arrangement of the Infant was such as to leave but little 
occasion for alteration, there were yet several important points that remained to 
be cleared up, such as the best proportions and size for the chambers of the boiler — 
the best form for each separate portion of the machinery — the proper position, 
size, aud strength of the various parts, and also the most suitable kind of mate- 
rials, so as to avoid as much as possible superfluous weight Experiments to 
ascertain these various points occupied Mr. Hancock till the beginning of the 
year 1831, so that full six years had elapsed from the commencement of his 
locomotive pursuits, before the Infant was produced in a state somewhat to the 
satisfaction of his own mind. The trials made during this probiitionary period, 
comprise a total of many hundred miles, all made upon the high roads, near 
London, principally in the vicinity of Stratford; between which place and 
Whitechapel, vehicles of every description being in constant motion, afforded 
him an excellent opportunity of obtaining practical experience, under every cir- 
cumstance of difficulty, in which a steam-carriage might be expected to be 
placed ; and this consideration determined him to give the most frequented road 
the preference. In February, 1831, he commenced running the Infant regu- 
larly for hire, on the road between Stratford and London ; not, certainly, with an 
anticipation of profit, but as a means of dissipating any remaining prejudices, 
and establishing a favourable judgment in the public mind as to the practica- 
bility of steam travelling on common roads. Mr. Hancock observes, that it is 
an undeniable fact, and a soiuce of proud satisfaction to him, that a steam car- 
riage of his construction was the first that ever plied for hire on a common road, 
and that he achieved this triumph single-handed- 

In tire following engraving is exhibited a sketch of the arrangement of the 
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machinery of the Infant ; the body of the carriage for tlie passengers being, 
however, fashioned more like an omnibus, as has been subsequently adopted by 
th^atentee. 

The description of this machine is thus given by Mr. Alexander Gordon, 
who has made many experimental trips in it : a is the fire-place, the fuel being 
laid ujpon the bars which are seen between the fire-place and the ash-pit b ; the 
ash-pit is made air-tight, or nearly so, in order that the blast from the revolving 
fanners in y may be urged upwards through the fire. The fire-place is also 
necessarily kept close; it is provided with eye-holes, through which the fireman 
(who sits on a small seat behind the boiler) can view the state of the fire. 
Fresh supplies of coke are dropped through the feeding hopper q. On this 
appendage are placed double doors, one of them being always shut, to prevent 
the blast escaping up the feeding hopper, when the coke is added to the 
fire. Steam is supplied to the engines d, of which there are two, through r, and 
the quantity is regulated hy a valve at s, placed under the control of the 
guide, by means of a lever rod. The alternating vertical motion of the pis- 
tons in the engine cylinders is changed from the parallel motion t to the con- 
tinuous circular motion of the cranks upon e, by the connecting-rod v. Only 
one cylinder and its connexions can be shown in this “ section.” Two shives, 
or sproket-wheels, are placed upon the crank shaft e, and two also upon the 
axle /. An endless pitch chain passes round each pair of shives, and conveys 
the motion from e to /, and from thence to the hinder wheels. It is necessary 
to keep the centre of e and the centre of / always parallel to, and equi-distant 
from, each other, in order that the pitch chains may be in an equal state of 
tension : this is managed by means of two rods, one on each side of the 
carriage ; the rods vibrate upon / as a centre, and cause the crank axis e, 
when the carriage is jolted, to describe a larger or smaller segment, with 
the same radius, as the body in which the engines are placed, plays up or 
down upon the springs. By this means concussions whidi affect the wheels, 
do not distress the machinery. The radius rods are constantly vibrating, but 
the steam engine is securely and perfectly suspended upon flexible steel springs. 
Passengers are seated above the water tanks A b : it is a connecting rod, by 
which the guide (at 1) can open or shut the throttle-valve s, and supply himself 
with what steam he requires, or shut it altogether off, when stopping. 

The whole engines, crank-shaft, and two throws, together with the pumps, 
are supported by flexible springs, which provide for any concussion on rough 
roads. The wheels turn loose on the axle, and one or other, orTloth, are fixed 
by a clutch when required. This clutch is on the outside of the wheel, and can 
be screwed out or in, as the case demands, with great facility. The turning of 
the carriage round to the off side is prepared for, by throwing out the off-side 
clutch, and keeping in the near one ; and the turn round to the near side is 
prepared for, by throwing out the near clutch, and throwing in the off-side 
clutch. A little play is left between the catches in each clutch, so that a wind- 
ing road may not oblige either wheel to be disengaged ; and it is only in a short 
turn, or a turn round, that the clutch must be shffted, and this can be done in 
a very small space of time. 

The fire is urged by the blower y, which is driven by a connexion with the 
engines. The waste steam is blown ftnm the engines into the chimney and 
so destroyed, ^e passengers are carried on the same machine, Mr. Hsmcock 
prefernng that msposal of the weight to the dragging of it in a carriage behind. 
The wheels ^ this cmage are a beautilul exhibition of strength and lightness 
combined. The spokes are aU wedge-shaped, and where they are fastened 
into the nave, abut against each other. Their escape laterally is prevented by 
a large iron disc, at each end of the nave ; and these being bolted through, 
coiihne the spokes very securely in their place. Every eight miles he take7in 
water and coke; about seven cwt. of water, and sometimes eight ; it depending 
upon e state^of the roads, consuming most steam when the roads run heavy. 

about twenty minutes in getting up the steam, and he does 
fore uoke for this purpose at first starting. The 

P o he vehicle is for passengers, so that all the machiiieiy is quite 
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behind the carriage ; and the fore part of the carriage is entirely for the con- 
venience of passengers, being made of greater or less length according to the 
number of persons. The guide sits in front, at /, and steers by means of a 
wheel, o, placed horizontally, as in Mr. Gurney's carriage ; with this difference, 
that instead of the vertical spindle having a pinion at p, it is made with a 
horizontal drum or shive, upon which the middle of a chain is fastened ; the 
ends of the chain are attached to the different ends of the fore-axletree in such 
manner that one or other of the fore-wheels may be haided forward to turn the 
carriage. One important improvement in the guide-motion has been made by 
Mr. Hancock, which is by means of a friction-strap or band at p, passed round 
a small friction drum; the guide can, by pressing a pedal with his foot, tighten 
this band on the drum when the carriage does not require to be turned out of 
the straight course. When the carriage is thus held in its b'ne of direction, the 
guide’s bauds may be released from the tiller-wheel, o ; for the jolting of the 
wheels over rough pavement or other inequalities of a road, are not sufficient 
to slip the friction-band. In case of requiring to turn, the guide’s foot is either 
relaxed or taken off the pedal, and the tiller, o, worked by his hands. This 
band is of great importance in many cases, and by it a guide with feeble arras 
may steer as well as a Hercules. This carriage is capable of carrying 
sixteen passengers, besides the engineer and guide. The weight of it, inclusive 
of engines, boilers, coke, and water, but exclusive of attendants and passengers, 
is about three and a half tons. 

The wheel tires are 3J inches wide. The diameter of hind wheels, 4 feet. 
The width of tire is not considered by the patentee to be so objectionable in 
practice as it might be considered. This he accounts for, by the variable nature 
of the roads; “ a broad wheel on gravel is considered to be an advantage ; it is 
however a great disadvantage on a road between wet and dry ; but in those 
latter cases we have always an overplus of power (steam) blowing off at the 
safety-valve.” Blowing off steam, either from the safety-valve or from the 
engines, creates no nuisance, because it is injected “ into the fire in every 
direction,” and so destroyed. The carriage can be turned in little more than 
ten feet, and stopped in much shorter space than any horse-coach. A metallic 
band, pressing upon the outer part of the wheel, is applied as a drag or brake 
when descending hills. In slippery roads, or steep hills, both hind wheels are 
connected with the engine, in order to increase the adhesion to the road ; but in 
general one driving wheel is found to be sufficient. 

“ In October, 1832, Mr. Hancock determined to make a trip to Brighton. 
On Wednesday, October 31, this steam carriage came from Stratford, through 
the streets of the city, at the different speeds necessary to keep its place behind 
or before other carriages as occasion required, and took up its quarters on 
Blackfriars Road, to prepare for the following day’s trial. Accompanied by a 
scientific friend, a distinguished officer in the navy, I joined Mr. Hancock’s 
friends on the next morning, making eleven passengers in all. We started at 
the rate of nine miles an hour, and kept this speed unt’d we arrived at Redhill, 
(where all the coaches at this season require six horses,) which we ascended at 
the speed of between five and six miles an hour. The bane of the journey was 
an insufficient supply of coke and water; the water, indeed, we were obliged to 
suck up with one of Hancock’s flexible hose pipes, at such ponds and streams 
as we could find. These difficulties delayed the completion of the journey 
(subsequently performed by steam in less than five hours) till next day ; but on 
our return our speed was much increased, and one mile was accomplished up hill, 
at the speed of seventeen miles per hour .” — Elemental Locomotion, p. 111. 

“ Reverting to the history of my carriages,” observes Mr. Hancock, “ I may 
remark that the Infant was the first steam carriage that ran on a common road 
for hire, which it commenced in February, 1831, between Stratford and London, 
and on which duty it continued several weeks in regular performance ; but as 
I had not at this early period practised any person in steering, and my presence 
being required at Home, I was under the necessity of taking it off the road. 
This carriage was also the first one that steamed through the public streets of 
the city of London. 
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“ My time was now engaged in building a powerful carriage, the Era, which 
has only worked on proof on the roads in tlie neighbourhood, and been once 
to Windsor, in 1832, the parties for whom it was built not having yet come to 
any determination upon it. 

“ A steam carriage company, ‘ The London and Paddington, being now 
formed, I entered into agreement to build three carriages for them ; the first of 
which, to have been titled the Demonstration, afterwards altered to Enterprise, 
was put to work between the City and Paddington, in April, 1833. It ran for 
sixteen succeeding days, and performed more than was stipulated for ; but some 
disagreement led to the dissolution of this company, and the Enterprise became 
mine again by purchase, on the company winding up its afiairs, which was 
nearly two years after the carriage was delivered to them ; during all which 
time it stood in an open yard, belonging to the company’s engineer, serving the 
office of a model for him to build another carriage by.” 

These untoward circumstances, however, only served to renew the energies of 
Mr. Hancock, who busied himself in completing a new carriage for his own use, 
which he significantly denominated the Autopsy ; it was brought upon the road 
in the same year (1833), and commenced running for hire between the city and 
Islington, in October, which it continued till the end of November. An 
engraved representation of this carriage is given on the adjoining page ; hut as 
it may be remarked that the introduction, in this place, of a carriage built in 
1833, does not accord with our intended chronological arrangement, it is proper 
we should explain, that this carriage contains nothing essentially different 
from the Infant, and that it can only be regarded as a second and more splendid 
edition of that carriage. All Mr. Hancock’s subsequent carriages are built 
upon the same model in an engineering point of view ; therefore, to keep the 
history of Mr. Hancock’s locomotive career in a connected state, we shall here 
insert his brief account of all his carriages. 

“ During the winter I built the Era (now the Erin), This carriage com- 
menced running for hire on the Paddington road, in August, 1834, on which 
duty it continued daily in company with the Autopsy, for upwards of three 
months, when I took them off in order to repaint and embellish the Era 
with appropriate devices, and alter its title to Erin, ready to fulfil an invitation 
that I had received from some gentlemen at Dublin, who were desirous of 
seeing its performances in their city. In the summer of this year (1 834) I 
built a drag for a gentleman at Vienna, for which place it was shipped in July, 
after having stood satisfactory tests by taking it on different roads, with a loaded 
carriage attached. 

“ .\t the latter end of December I shipped the Erin for Dublin, and run it 
there, and in the vicinities, during the greatest part of January, 1835, much to 
the gratification of the inhabitants, it being the first that had run in that 
country. 

“In 1833 I built a drag, by order, for Dublin, whicb has given most satis- 
factory proof of its power and efficiency, but which is still upon my hands. 

“ During the year 1835 I also brought out a gig calculated for the accommo- 
dation of three persons. I have run it repeatedly, and it is not to be believed 
by any but those who have travelled by it, how easy the motion of it is ; I do 
not know the limit of its speed ; probably from 27 to 30 miles, but it is seldom 
worked more than 17 or 18 miles per hour. 

“ In May this year (1836) I again put the carriages upon the Stratford and 
Paddington roads, and they have continued lunning daily for hire up to the 
present time (October) with all the precision and success that could be 
desired. 

“ In the month of July this year, a new and powerful carriage, the Automaton, 
was brought out, and has taken its share of work on the Paddington road, per 
forming with the Infant in fine weather, these being both open carriages, whilst 
the Erin and Enterprise have run in wet weather. 

“ To avoid confusion in my narrative, I have not noiiced in the order d 
time, many journeys which the carriages have performed ; I might name 
amongst others, that the Infant, in the autumn of 1832, ran to Brighton, the 
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first steam carriage that had been seen there ; again it ran there in the summer 
of 1833, as did also tlie Autopsy. The first day the Automaton was worked, it 
took a party to Romford and back, without the smallest repair or alteration 
being required ; the speed was from 10 to 12 miles per hour : this carriage has, 
within the last fortnight, run twice to Epping, each time with a party desirous 
of witnessing its performance on that hilly road : it travelled on the ordinary 
road at 12 to 14 miles, and ascended the hills, which are very steep, at 7 or 8 
miles per hour.” (We annex a representation of the Automaton, extracted 
from the Mechanics’ Magazine.) 

“ The carriages have all proved more powerful than I had expected ; the first 
time I was forcibly acquainted with this fact was whilst running for hire in the 
year 1834. A trifling casualty to the machinery of the Autopsy brought it to 
a stand, and the Erin was fetched to its assistance, when it towed the Autopsy 
up Pentonville-hill to the station in the City-road, without any material dimi- 
nution of its [speed, although this, as well as the other carriages, had only been 
calculated to carry a certain number of passengers, with water and fuel for the 
trip. The average working speed of all the carriages is from 10 to 12 miles an 
hour, though they may be pushed far beyond this. The fuel costs about two- 
pence-balfpenny a mile. The wear and tear is principally confined to the 
boilers, fireplaces, and wheels ; but this is not so great as might be expected ; 
and some of the carriages now running have had their boilers in use upwards 
of two years ; when they are worn out it is only the chambers that require 
renewing, for my boilers are so constructed that all the main and expensive 
parts, such as bolts, stays, &c., will last for many years, and wear out several 
sets of chambers. As to the machinery, the wear and tear appears to be very 
trifling, as far as the carriages have yet performed ; they have, in many 
respects, actually improved : and even the Infant, which has been so many 
years in action, is in as good condition as ever it was in the original parts of its 
machinery. 

“ It may be readily supposed, that in bringing out a novelty of the kind now 
under consideration, and putting it into actual and effective operation, we have 
not been without accidents in our career, but are happy to say they have been 
few, and of trivial amount, with the exception of one, which was that of a 
workman, who, by a daring of the most imprudent stamp, caused an accident, 
which, whilst it proved the general safety of my boiler, I regret to say, deprived 
him of life. This statement was fully borne out to the satisfaction of the 
coroner and jury. 

“ I wiU now describe the general arrangement of my carriages. 

“ At the front sits the steersman, who governs the way and speed of the car- 
riage ; behind him is the body or open seats of the carriage, whichever may 
be its build; at the back of the body, and with a good screen or partition 
between it and the passengers, is the engine room, containing a pair of inverted 
engines, working direct upon the crank shaft, from which motion is communi- 
cated to the axle of the hind or working wheels, by endless chains and pulleys ; 
adjoining the engine room, in the rear, is the boiler, with the fireplace under 
it. A lad stands behind to feed the fire as the carriage proceeds ; and a man 
competent to judge of the working of the engines and machinery, and also to 
keep them oiled, is always in the engine room, whilst the carriage is working. 
The coke is contained in iron boxes at the back of the boiler, and the water for 
supplying the boiler is contained in tanks under the seats of the carriage. 
The fire is urged by a revolving blower under the flooring or body of the car- 
riage. 

“ In conclusion, I will give a list of the carriages I have built, with the 
number of passengers they are each calculated to accommodate ; not what they 
will and actually have carried, for this has sometimes, on particular occasions, 
been an increase of 50 per cent.; as an instance, the Autopsy, when first 
running to Islington, in 1833, carried, on two or three trips, 21 or 22 passen- 
gers, though its complement is but 12. " 
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PASSENGERS. 

Inside. Outside. 


1 . Experimental Carriage . — 


2. Infant — 

3. Era 16 

4. Enterprise 14 

5. Autopsy 10 

6. Erin 6 


7. German Drag .... — 

8. Irish Drag — 

9- Gig — 

10. Automaton — 


— Broken up. 

14 

4 

2 

8 

— Witli Carri.o.ge attached. 

— Ditto ditto 
3 

22 
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In 1833 Mr. Hancock took out a patent for improvements in the con- 
struction of furnaces to boilers, which wfll be found described in its proper place. 

A second patent was enrolled by Mr. Goldsworthy Gurney, in April 1828, 
“ for improvements in locomotive engines,” of which the following is a correct 
accoxmt : — 

“ The coachman, or conductor, occupies the front seat over the fore boot of 
the carriage, the lower seat being removed. The four chimneys of the former 
carriage are substituted for a single one of great width. The water-tank, 
instead of being above the perch, and extending the whole length of the car- 
riage, is now placed below the perch, and lies between the fore and hind wheels. 
The propellers are removed entirely. A blowing machine is introduced, for 
maintaining a sharp draught in the furnace, which is worked by a separate 
cylinder from those employed in propelling the carriage. A mode of heating 
the water before it is admitted into the boiler, and an additional force-pump 
unconnected with the engine, to be worked by hand, to throw in an increased 
supply of water into the boiler, whenever needed, are also adopted. 

“ The coach, in its form and accommodation, hears a close resemblance to the 
stage coaches at present in use. It has a fore and hind boot, on which are seats 
for the passengers, and a box in front for the coachman, with room for a pas- 
senger beside him. The hody of the carriage is supported upon three parallel 
perches, extending its whole length ; the hinder part hangs upon springs, fixed 
upon the perches, inunediately over the axis of the hind wheels, and the fore 
part is placed upon iron supports on the perches. The carriage runs upon six 
wheels, a small pair, called the pilot wheels, being placed in front for guidino- 
the vehicle ; these are connected to the ordinary fore wheels of the carriage bv 
a small curved perch, which admits the a.xle of the fonner being placed oWique 
to the latter, by turning of a lever, fitted on to the upper extremity of an 
Ufjright spindle, which is attached to the axletree. The hinder extremity of 
this small perch is attached to an iron frame supported upon springs, that arc 
fixed on the axleti-ee of the fore wheels ; a little before the axletree, a strong 
pm passes through the small perch and the centre main perch, which serves as 
a centre of motion to the small perch, so that the pilot^wheels beino' placed 
obhqi^y, the perch turns upon the pin, and the fore wheels of the carnage wdtli 
It. When not acted upon by the steering lever, the pilot-wheels are maintained 
at nght angles to the perch by means of springs. 

“ The blowing machine is placed, as before mentioned, in the fore boot ; it con- 
sists of a fly of five vanes, that revolve on a vertical spindle, similar to a win- 
nowng machme, but in a reversed position; tliis apparatus is worked by a small 
honzoutal steam cylinder placed beneath, on the frame of tlie carriage. The 
piston rod of this cylinder is connected to a crank on the axis of a fly-wheel, 
revolving m a horizontal direction above ; and to the same crank is attached 
■ i “ “J®™®‘iiate rod, the phmger of the force-pump, wliich injects the water 
mto the boiler. The steam-engine thus drives the blmving machine and tlie 
lorce-piunp, the fly-wheel sendng to equalise the motions of both. The con- 
nexion between the blowing machine and this steam cylinder is thus arranged ; 
on the vertical axis of the fly-wheel are fixed small band-wheels or puJIevt of 
(Merent diametere, and on the vertical spindle of the blowing machine are feed 
other pulleys, which bemg connected to the former by an endless band are 
toven roimd with them ; the varied sizes of the pulleys enabling the engineer 
to force the air through the machine with any required rapidity. The air miters 
the blowmg m^hme at the bottom of the circular box, wherein the vanes 
revolve, and IS forced out at the side mto a broad fiat tube, called the ‘ air 

de’ 

of 0^ three series 

a ? ® horse-shoe, and supporting 

Wefl- yPPer and lower extremities, witli two horizon^ tuhet 

the open ends of the before-mentioned smaUer 
hv a spvie feed; and the two large horizontal^ aibes are connected 

y senes of ten open vertical pipes. The whole of the bent tubes, the lower 
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straight horizontal tube, and tlie half of the upper one, (which may be teniiod 
a steam reservoir,) are kept filled with water. From the top of tlie steam 
chamber proceed two curved pipes, which enter two large vertical tubes of strong 
plate-iron, strengthened by hoops externally ; tjiese last are called separators ; 
they communicate at their lotver ends with the boiler, and at their upper ends 
by a connecting tube, from which a branch enters the chimney, and passing 
over the top and down the back of the furnace, is canned tlu'ough the air pas- 
sage, along through the fore boot, and back again, as far as the centre of the 
carriage, where it is connected with two horizontal cylinders, finnly secured 
between the main perches, and serving to give motion to two cranks on the axis 
of the hind wheels, by which means the carriage is impelled. 

“ The -steam is worked expansively, being shut off at naif the stroke by means 
of a slide valve, the rod of which is worked by a cam on the axis of the hind 
wheels. The slide valves, by which the steam is admitted to the cylinders, are 
worked by a lef er, on the axis of which is fixed an elliptical ring ; and to 
reverse the motion, a line is attached to the rod, and placed within reach of the 
coachman ; by pulling this line, the pin is brought into the upper notch, and 
the motion of the carriage thereby reversed. 

“ Beneath the main perches is placed the tank, for the supply of the boiler ; 
it communicates (by pipes from its lower part) with the force-pump beneath 
tlie fore boot, and also with a small forcer placed within reach of the fireman 
who sits behind the boilers Immediately above the tank is a flat vessel 
tiirough which the steam passes from the eduction pipe, and thence by another 
pipe into the chimney. 

“The pipe from the force-pump passes through the air-chamber, and forming 
a coil above the horse-shoe tubes, delivers the water into the upper part of tlie 
steam chamber. The supply from the pump may be diminished by partially 
opening a small cock, which allows a portion of water to return to the tank. 

“ Any part of the preceding account that may appear abstruse to the reader, 
will be rendered perfectly clear by an inspection of the vertical section of 
the machine, represented on the next page,_together with a reference to the 
following explanatory letters. 

“a aa, a series of small tubes, in two or more ranges, forming the boiler, the 
interior range serving to support the fuel ; these tubes are connected witli 5 h, 
two larger tubes, the upper one forming a steam chamber; c, one of a range of 
tubes connecting h b together ; d, one of the two separators, connected with b b 
by two curved pipes ; e ec, steam pipe proceeding from the upper part of the 
sejiarator, and passing down through the chimney and beneath the body of the 
can-iage into the fore boot, whence it descends to f, the cylinders which propel 
tlie carriage by means of cranks g, on the axis of the hind wheels ; h, an eccen- 
tric, which works the slide valve i by a lever turning on its centre, and to the 
extremities of which lever an elliptical ring k is attached ; ll a. line, fastened 
at one end to an eccentric rod, and at the other end to a short lever in the fore 
boot, which may be elevated by means of the lever ;n ; tliis raising tlie eccen- 
tric rod, causes the pin in its extremity to act upon the upper side of k, and 
thus reverses the moiion of the carriage ; tt, lever for regulating the throttle- 
valve 0 ; p, eduction pipe, opening into a flat chamber q in which tlie steam 
expands, and thence passes thi'ough the waste pipe r r into the chimney ss ; t, 
t;mk for water ; a, force-pump, supplied by the suction-pipe r, and forcing the 
v/ater thn-ough the pipe x xx, (which forms a coil above the boders,) into the 
tubular boilers aaa ; y, a stop-cock, by which the supply from the force-pump 
is regulated, any requisite portion being allowed to return into the tank ; a seat 
for the fireman ; 1, a blowing-machine, or frame driven by bands from the 
a.xis of the fly-wheel 2, which is worked by a small engine i?, serving also to 
work tlie force-pump n ; 4 4 1, steam-pipe, supph-ing the engine 3 ; 5 .5, air- 
channel, leading from the blower to tlie furnace ; 6, guide-wheels, which may 
be placed obliquely to the perch 8, by the lever 7 ; 9, centre of motion on 
which the perch Sim-ns, thus turning tlie fore- wheels, on the axis of which are 
springs that suppm-t the fore part of the coach : 11, force-pump, to supply the 
boilers, in case die water is too lo-.v to be worked by tlie fireman.” 

VOL. II. 3 R 
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its working parts, by the addition of a great number of wheels and pinions, that 
he might, through their instrumentalitj', make a noise in the world. Although 
the preceding sectional drawing exhibits a faithful and clear outline of tlie 
“ miraculous invention,” there are of course many subordinate parts wliich are 
not introduced, to avoid a confusion of lines in the figme ; enough are, how- 
ever, left to surprise every mechanical reader, that such absimd additions should 
ever have entitled the author to the adulation of the press, and of some of oiu 
best parliamentary orators. It would be a waste of time to do more than just draw 
the reader’s attention to a portion of the “ happy series.” First and foremost 
are the “ pilot- wheels,” jalready noticed in a previous page ; next, under the 
fore boot, is exposed to the admiring gaze of the multitude a pretty little steam 
engine, with all ^purtenances thereunto belonging, employed to raise the wind 
(in both senses of the term) and to cool the steam pipe ; which pipe, it will be 
observed, after proceeding from the separators, makes a flourish over the boiler 
to get a little warmed, then descends in a graceful curve under the body of the 
carriage, and through the cold air-trunk, to get a little cooled in its complaisant 
journey to the coachman's feet : hence it makes a dHour amongst the fanners, 
in order that the steam may be sufficiently condensed to run down into the 
engines, which are placed in the coolest possible situation, except when they 
happen to be covered with the non-conducting substances of quartz, silex, 
felspar, and mica, gathered from the road ! It was for such patented contrivances 
as these, and those before described, that Mr. Gurney, or his friends in parliament, 
sought to obtain an e.xtension of his patent rights, or a compensation in money 
for giving the public the entire benefit of his “ sublime inventions !” On the 
latter proposition we have never made a single remark, nor is it our intention 
to do so ; but of the former we cannot resist the expression of our rooted 
conviction, that an extension of Mr. Gurney's patents is unwished for, even by 
himself, because there is not a single contrivance of the whole “ happy series’’ 
which any mechcauc would be mad enough to use, or rather try to use, were 
they freely offered to him. 

'To render more useful the establishment of a railroad through a broken 
country, it has been a desideratum to construct a carriage which shall move 
with as much facility upon a serpentine, or curved, as on a straight road ; and 
at the same time not to lose the peculiar advantages which the common method 
of fixing the wheels on the axis possesses. It is also desirable to lessen, if 
possible, the amount of friction, by means not too complex. These two ends, 
Mr. William Howard proposed to attain in the construction of carriages upon 
the following principles “ First, the connexion of the two beds of the axles 
at a point equidistant from each ; and in the same manner the connexion 
between the hind bed of one waggon and the fore bed of that following it ; or 
the fore bed of the leading waggon with any system of guide-wheels, so that 
tlie wheels not only of one waggon, but of a train, will follow one another in 
the same curve, without more lateral friction than when on a straight line. 
Second. The making of the axle revolve in its journals, and at the same time 
rendering either one or both wheels capable of revolving independent of the 
axles, as in a common carriage. Third, the application of a simple friction- 
wheel to diminish the friction of the axis upon its journal.” Mr. Howard 
next proceeds to explain these principles in detail. First, “ If there be a track 
of a railroad of a circular form and we wish a carriage to move on it without 
lateral fnction, the planes of the wheels must be parallel to the tangents of the 
two circles at the points where they rest on them, and each axle, consequently, in 
the direction of the radius of the circle. To find the point at which the axle 
must be connected to produce this effect, draw a perpendicular from the middle 
of each, and the intersection of these two perpendicular lines will be the point 
ol junction required. The advantage of this over the common construction is 
that there the pivot of the beam connecting the axles is on the foremost axle, 
and consequently in, turning, the hind wheels do not follow the tracks of the 
foremost ones, 1/t describe a curve of smaller radius, causing great lateral 
friction on the rails. Second, The principle of making the wheels revolve 
with or wddiout the aides in the present case, is to secure the advantages of the 



300 


RAILWAYS. 


axle generally revolving with the wheels, and, at the same time, to permit 
one wmeel to revolve faster than its fellow, when tnoving on a curved part of the 
road. The trifling relative improvement which this would produce between the 
axle and the wheel, would admit of these being adapted with considerable exactness. 
Third, In the application of the friction-wheels, instead of an axle resting on 
the sununit of a wheel, as is the usual method of application, and the only one 
known to the inventor, the wheel with its load is here made to rest upon the 
axle. According to these principles, the combination of which into a raiinay 
carriage forms the' ground of a patent granted to Mr. Howard, the construction 
is to be as follows : — 

“ The size of the wheels, their distance apart, and the distance between the 
axles, are in the common proportions used in railway carriages. The connecting 
beam between the fore and hind axles, is fastened firmly thereto by jaws or 
frames, to prevent lateral motion. This beam is divided in the centre, between 
the axles, one end having a tooth, and the other a socket, cut of the epicycloid 
form, to keep the point of action at an equal distance from the centres of each 
axle. The axles are kept together by fastening the body by bolts to the beds 
resting upon each. Another method of construction is, to extend the beam 
tom the hind axle, until the end of it rests upon the bed of the fore axle, 
while the beam from the fore axle reaches to a short distance only behind the 
central point of action. A bolt then passed through the centre of the hind 
frame, and the end of the fore frame, and equi-distant from the axles, forms 
the pivot or point of action between them. In this case, the waggon is fastened 
firmly to the hind bed only, and to the extremity of the hind beam, which rests 
on the fore bed, which is made to traverse, laterally, more easily by a small 
roller upon a curved strip of iron. The friction-wheels are contained between 
upright stands or supports, of cast or wrought iron ; each wheel having one on 
each side, connected at the top by a bolt and nuts, and having jaws at the 
bottom, wide enough to admit the axle in contact with the friction-wheel ; each 
pair of friction- wheels is connected by iron bars passing through each arm of 
the jaws of the supports, and secured by nuts : between these bars the axle 
revolves, and the bars, rising above the axle, receive the beam, and form the 
fore and hind bends, to which the frames of the beam are securely nutted. 
To obviate the little friction which may arise from the centre of the friction- 
wheel being directly above the centre of the axle, it may be placed a little 
obliquely, and a small friction-roller used in one of the arms of the jaws, to 
destroy the additional friction there. The axles have two shoulders at each 
end, one of which supports the waggon wheel, and is either firmly fixed to it, 
or only secured by a lineh-pin, and the other revolves upon the friction-wheel. 

“ These principles are not new, but the combination of them into a railway 
carriage is new, and entitles, the inventor believes, that his invention be 
secured by patent. The peculiar application of friction-wheels is also new, and 
claimed as original.” 

Fig. 1, (see opposite page,) represents a perspective view of the whole car- 
riage, with its friction-wheels attached. 

Jig. 2, represents the plan of the waggon, showing particularly the manner 
in which the beds of the tw'o axles are connected, a is the iron waggon wheel, 
made as usual, except that it is arranged so as to turn on the axle, to which it 
is secured by the linch-pin i, or any other contrivance, c is a wheel fixed 
upon the axle, as in the common railroad carriage, d d, the friction wheels 
moving upon the axles e e, and supported by the supports / /. The 
whole of these parts are of wrought or cast iron, and the frames are 
secured together by screws and nuts, so as to keep them solid, and as shown in 
the figure g, one of the bars connecting the two frames together, and secured in 
like manner. 1i and i are the tw'o frames by w'hich the two beds are connected 
^ a holt, at the point kf equi-distant from the centre of each axletree ; the 
frame i of the hind bed is prolonged, and rests on part of the frame A, 
immediately over the fore axle, the motion of its end, hfterally. being faci- 
litated by a small roller at 1. “-x- j. e 

It It be found objectionable to place the body of the waggon entirely 




The elasticity of our atmosphere has been often proposed to be employed for 
locomotive as well as fixed engines. The first proposition that we can recollect 
was in a patent granted in 1799, to the late Mr. George Medliurst, entitled “ a 
condensing wind-engine, capable of being applied to all kinds of purposes, in 
which steam, water, wind, or horses are employed.” It does not appear, from 
the specification of the patent, that he applied his invention to the propulsion 
of carriages ; though we have heard it stated that he did so apply it. He 
described his invention to consist in “ condensing the air of the atmosphere in 
a strong and close vessel, which I call the magazine, by means of a windmill, 
so as to make it from ten to twenty times more dense than it is in its natural 
state. Secondly, I conduct that dense air from the magazine through a pipe, 
to the top of a cj^nder, where it acts upon a piston, by its elasticity, without 
the aid of fire, and by these means keeps the machine in constant motion for a 
time, proportioned to the capacity of tlie magazine, though the wind do not 
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blow. The object of my invention is to accumulate and preserve the regular 
power which the wind produces, so that it may be applied to machinery to 
produce an uniform and regular motion whenever it is wanted.” The ingenious 
inventor then proceeds to describe his condensing mechanism, and the con- 
struction of his vessels for containing the condensed air. But as no particular 
objects are specified for its application (except cursorily, the raising of water,) 
it would be out of place here to enlarge on the subject ; and our only reason 
for noticing it now, is to show what degree of originality appertains to the 
next invention we have to introduce to the reader’s attention. 

This was the subject of a patent granted to Charles C. Bombas, Esq. It was 
especially designed for the propulsion of carriages or boats, and is dated the 
29th of April, 1828. The patentee specifies it as consisting in the condensing 
of atmospheric air or gas in strong cylindrical reservoirs having spherical ends; 
whence it is to be discharged throug’n proper valves and tubes into a cylinder, 
where it is to operate upon a piston in the same manner as in steam-engines, 
and communicate motion to the wheels of a carriage, or the paddles of a boat. 
The vessels to hold the condensed air or gas, are proposed to be from 12 to 18 
inches in diameter, and of as great length as can be conveniently stowed, or 
removed into or out of the vehicle, from or to the stations which it is proposed 
to establish along the line of road whereon the traffic takes plqce, for the pur- 
pose of receiving the exhausted vessel, and supplying a (marged one in its 
place ; which it is proposed shall contain firom 30 to 150 atmospheres. The 
particular construction of the engine and machinery of the carriage are not 

f iven ; but it b directed on the plan of the high pressure steam engine, and to 
e worked expansively. 

An efiicient mode of working an engine with an uniformity of force, by 
means of a fluid that is constantly diminishing in its elasticity, is, we believe, a 
problem not yet solved. Another patent for precisely the same object as Mr. 
Bombas’s, was granted on the 1st of June following, to Mr. W. Mann, of 
Efira-road, Brixton, Surrey, who was of course uninformed at the time of his 
having been anticipated. Nevertheless Mr. Mann pursued his undertaking, 
published a pamphlet descriptive of his plans, accompanied by drawings, and 
endeavoured to raise a company to carry his project into operation, whether 
he actually carried it experimentally into practice we are uncertain, but a 
drawing of the carriage and reservoirs of compressed air are given in the 5th 
Vol. N. S. of the Rtgisier of Arts : — 

“ Mr. Mimn proposes, like his predecessors, to employ a series of strong 
metollic recipients, similar to the cylindrical vessels used for portable gas, into 
which thirty or more atmospheres are to be condensed by the power of a steam- 
engine, water mill, or other adequate prime mover. A sufficient number of 
these vessels are stowed in a case adapted for the purpose, which is to be fixed 
underneath the carriage ; a tube, communicating with all the recipients, is to 
convey the compressed air to two working cylinders, having the apparatus com- 
mon to high pressure steam-engmes, the piston rods of which will give motion 
to a cr^k on the axis of the hind runnmg wheels. It is proposed to work 
expansively, and to vary the cutting off the stroke, according to the decree of 
elasticity of the air. a 

“ The velocity Mr. Mann proposed to travel, was 14 miles in the hour, which 
he calculates will reqmre 2000 cubic feet, of the natural density to nronel a 
cam^e weighing, with its load, two tons. When the roads are in a bad state 
it is mtended to charge the vesseb with a greater nmnber of atmospheres to 
overcome the increased resistance. ^ ^ 

“ The patentee states, that the carriage b constructed (?) to carry 75 cubic feet 
of compressed air, which, at a density of thirty-two atmospheres, b sufficient 
to propel it 14 miles ; and if the air were compressed to be equal to 48 atmo- 
spheres, that quantity would propel the carriage 23 miles ; and if to 64 atmo- 
spheres, 34 ^es. The average cost of the power is calculated at one penny 
per mile ; that is, if a steam-engine be employed to effec^the compression of 
the air into the r^pients, tlie cost in coak of such steam power, to condense 
vo ume of air sufficient, by its subsequent expansion, to propel a carria<Te or 


a 

one 
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mile. Is one penny. Mr. Mann, however, must know that this would only form 
one item in the expense of working a carriage. Tlie proposition of propelling 
by a process of this kind, is certainly specious ; but those who have given the 
subject their best attention, consider tiiat no practical means have yet been 
devised to compensate for the constantly decreasing expansive force of the air 
in the recipients.” 

A suspension railway, combining the characteristic features of Mr. Palmer s 
and Mr. Fisher’s, previously described, was patented by Mr. Maxwell Dick, of 
Irving, in Ayrshire, on the 21st of May, 1829 ; doubtless, in ignorance of those 
precedents, as we were personally assured by the latter patentee. The chief 
object of this gentleman was, as is stated in the title of his patent, “ for the 
conveyance of passengers, letters, intelligence, packages, and olher goods, with 
ffreat velocity. The means which he adopts for this purpose, are designed to 
obviate the necessity and enormous expense of cutting and embanking resorted to 
on railways of the ordinary kind. The rail is supported, like Mr. Palmer’s, upon 
vertical pillars, but carrj’ing a double track for the carriages, like Mr, Fisher’s. 
Mr. Dick has, however, added, what he denominates “ safety rails,” one on each 
side of the track, against which anti-friction wheels, attached to the carriages, 
arc made to act, in case of the carriages receiving from any cause an impulse up- 
wards. The patent likewise embraces a curious combination of wheel-work, for 
communicating a high velocity to the carriages. A large and well constructed 
working model of this invention was publicly exhibited for several weeks at 
Charing Cross, London, in 1830, and drew crowds of visitors, who were surprised 
and delighted at the velocity with which the carriages darted along the wire 
rails across the room, by the application of a small force. The notoriety of 
this invention, as well as the capability of its being usefully applied under 
many circumstances and situations!, for light loads at high velocities, seems to 
require from us something more than this brief historical notice. Accordingly 
we proceed to give a few, out of the many details and modifications, which the 
prolific mind of the inventor has thrown together in his specification. From 
this document we learn that the patentee especially designed his invention for 
traversing undulating, rugged, and abrupt ground, the crossing of rivers, mosses, 
marshes, &c. Pillars are to be erected of brick or stone with lime, at given dis- 
tances apart, suppose fifty yards ; between each of these may be placed four or 
five cast metal pillars, according to circumstances, for bestowing the requisite 
stability and keeping the rail free from undulations. On the top of each of 
the pillars is to be fastened a frame, to which the rails are to be secured, and 
to the frames are connected grooved friction wheels or pulleys, between which 
the drag-line is conducted, 'fhe rails are to be made of the best wrought iron, 
such as is used for chain cables, and they are to be duly connected together in 
great lengths, and secured to the frames in such manner as to make the top sur- 
face smooth, and free from all obstruction to the motion of the carriages. 
Between each frame there are to be introduced three or four cast-iron braces, 
to prevent vibration and stiffen the structure. The method proposed for 
dragging the carriage along the railway, is by fixed or stationary engines acting 
with drag-lines or ropes attached to the carriage, which, if the railway be double, 
(as in the subjoined illustration) will act in an endless round ; but if the line 
of railway be single, then the engine will be interchangeable and reciprocal. 

Fig.l. 



Fig. 1 represents a side elevation of one span of a double suspension railway, 
supported at the extremities by a pier of masonry, dd, and at etpial distances by 
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four cast-metal pillars e e e e. a is the upper or “ bearing rail b the lower or 
“ safety rail,” which arc bound together by intermediate stay braces, better 
shown on a larger scale at// in figures 2, 3, and 4. 

Fig. 2 shows a front elevation of a frame ccc, for a double line of rail, with 
a carriage on one of them at g. The letters of reference in this figure, as in 
all the others, designate similar parts ; it therefore need only be said, that tlie 
‘tay braces //are seen in section between the rails a b. 


Fig.i. 



Fig. 3 gives a side elevation of a carriage on a portion of rail; hhh being 
the running wheels, and i i i the anti-friction rollers, which prevent the carriage 
from being thrown off the railway. An examination of Fig. 2, which exhibits 
the end view of this carriage, will fully explain its form and construction. 

Fig. 4 is a perspective sketch of one of the stay braces on a larger scale. The 
expense of one mile of railway on this principle is calculated .at 13951. 10.?. Gd. 
The advantages contemplated are stated by Mr. Dick as follows : “ In the first 
place, as you save distance, so do you save time; which all must admit, that in a 
commercial as W'ell as in a political point of view, is of the utmost importance 



The suspension rail takes a straightforward point from one town to ajiolher, 
without regard to the surface of country over which it has to go, whether rising 
or falling, crossing of rivers, or otherwise. All are, by regulating the heights of 
the pillars, with the same ease gone over ; and by that means saving of dis- 
tance, saving of surface ground, saving bends in the formation of the rail ; 
which bends, besides the extra expense of originally laying, are alwavs liable to 
great derangement from the lateral friction of the waggons coming roiuid 
tliem, compared to that of a straight line of rail. Secondly, the suspension 
railway, over that of the ground railway, has another immense advantage; 
that is, as far as expense is concerned, which is, in the saving of all embank- 
ments, excavations, building of bridges, cutting of tunnels, besides the great 
breadth of surface ground. Thirdly, and which I think the most important 
of all, is the great despatch to be gained by the suspension railway, without, in 
the least degree, endangering either persons or property, it^height being suffi- 
cient at all places to allow every agricultural and commercial intercourse to go 
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on under it ithoiit interruption ; and then tlie carriages being so lo iipletely 
locked within the rail, prevents any chance of their escape, whaievor may be their 
velocity ; so that I do not stretch a point when I say, with light carriages con- 
taining the mail, and all small packages, a velocity of si.xty miles an hour is to 
be obtained, including all stoppages, and that with the greatest ease and 
safety.” 

Ot all the railways hitherto constructed, that which now connects Manchester 
with Liverpool is, beyond all comparison, the most perfect and the most exten- 
sively useful. The peculiar commercial connexion betw'een those towns 
renders a cheap and rapid communication not merely of local, but of 
national interest. Liverpool is the port whence Manchester receives all 
her raw materials, and to which she returns a large portion of manufactured 
goods for shipment to all parts of the world. Ry means of the railroad, 
the transit of goods is now effected in about two hours, which is about one- 
eighteenth part of the time previously occupied by the water carriage of fifty 
miles, besides a saving of fifty per cent, in the cost per ton of carriage ; making 
an annual saving in carriage to the cotton manufacturers of 20,000/. ; rendering 
it unnecessary for them to keep a stock oo hand to meet sudden onlers. Man- 
chester, we may observe, has now all the advantages of a sea-port, since a cargo 
may be delivered into a warehouse at Manchester on the same day that it is 
received at Liverpool. These towns are, by thirty-two miles of railway, as 
much connected for the purposes of business or pleasure, as the eastern and 
western extremities of London ; the facilities of communication between the 
latter are, in fact, not so great as the former. The immense public advantages 
attending this great mechanical work, have, however, been so often and so 
ably set forth, in poetry as well as prose, that it will be quite needless to make 
any further remark on this head. 

The undertaking was commenced in June 1826, under the direction of 
Mr. Geo. Stevenson. It was proposed to lay the railway as nearly as possible 
in a straight line ; but the nature rendered this work one of immense labour 
and difficulty. Upwards of 200,000/. were expended in excavations and em- 
bankments ; in bridges alone, over and under the railway, upwards of 99,000/. ; 
and out of a total expenditure, amounting to 820,000/., only the sum of 67,932/. 
for the railway itself, the particulars of which, as furnished by Mr. Booth, we 
subjoin ; namely. 


£ s. < 1 . 

Rails for a double way from Liverpool to Manchester, 
with occasional lines of communication, and addi- 
tional side lines at the different depots, being about 
thirty-five miles of double way, weight 35 lbs. 
per lineal yard = 3817 tons, at prices averaging 

something less than 12/. 10s. per ton 48,000 0 0 

Cast-iron chairs, 1428 tons, at an average of 10/. 10s. 15,000 0 0 

Spikes and keys, to fasten the chairs to the blocks, and 

the rails to the chairs 3,830 0 0 

Oak plugs, for the blocks . . . 615 0 0 

Sundry freights, cartages, &c 4S7 0 0 


Total .... £67,932 0 0 


The following summary view of the working of the concern, during the first 
fifteen months of its existence, obtained from an Annual Report from the 
directors to the ^oprietors, we insert, as furnishing some important data to all 
persons interested in similar undertakings ; — 
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£ s. d. 

The profits of the Company, from the opening of tlie 
railway on the 16th September, to 31st December, 


1830, were 14,432 19 5 

Ditto for the half year ending 30th June, 1831 . . . 30,314 9 10 
Ditto for the half year ending 31st December, 1831 . 40,783 3 7 


85, ,'530 12 10 

Paid to the proprietors in dividends 80,165 12 6 


Leaving a balance in the hands of the treasurer of £ 5,365 0 4 


to meet those contingencies to which the working of every extensive and new 
undertaking may he considered more or less liable. 

The following general abstract of the expenditure of the railway, to the 
31st of May, 1830, showing the cost of the different branches of the under- 
taking, may be of considerable use to those who shall hereinafter embark in 
similar adventures : — 






£ 

s. 

d. 

Advertising account 




332 

1 

4 

Brick-making account .... 




9,724 

4 

4 

Bridge account 




99,065 

11 

9 

Charge for direction 




1,911 

0 

0 

Charge for fencing 




10,202 

16 

5 

Cart establishment 




461 

6 

3 

Chat Moss account * .... 




27,719 

11 

10 

Cuttings and embankments f . . 




199,763 

8 

0 

Carrying department, comprising ac- 







count expended in land and build- 







ings for stations and depdts, 







warehouses, offices, &c. at the 







Liverpool end 

£35,538 

0 

0 




Expended at the JMancliester station 

6,159 

0 

0 




Side tunnel 

2,485 

0 

0 




Gas-light account, including cost of 







pipes, gasometer, &c 

1,046 

0 

0 




Engines, coaches, machines, &'C. 

10,991 

11 

4 







— 

56,219 

11 

4 

Formation of the roadj .... 




20,568 

15 

6 

Rail account 




67,912 

0 

0 


Carried forward £'479,880 16 8 


• The embankments included under this head consist of about 277,000 cubic yards of raw mo'- 
earth, in the formation of which, about 677,000 cubic yards of raw moss have been used ■ the dif^ 
ference in measurement being occasioned by the squeezing out of the superabundant water and 
consequent consolidation of the moss. The expenditure ou this part of the line has been less titan 
the av'crage expenditure. 

t Under this head is comprised the earth work on the whole line, exclusive of the Chat Xto s 
district The cuttings somewhat exceed the embankings ; the surplus is princicallv deiiosited 
along the border of the Great Kenyon Cutting. The excavations consist of about 7*19 ooo Aih^ 
yards of rock and shole, and about 2,006,000 cubic yards of marl, earth, and sand This’aacTpirSe 
mass has been removed to various distances, from a few furlongs to between three and foiSmUM^ 
and DO inconsiderable portion of it has been hoisted up by machinery, from a depth of thim* to 
sixty feet, to be deposited on the surface above, either to remain in permanent spoil banks^r to 
be afterwards carried to the ne.xt embankment, o o 

I By this is understood wliat is termed ballasting the road, — that is, depoV,in,>alavernf hrokev, 
rock and sand, about two feet thick , yiz. one foot below the blocks, and one foot distribute, i 
between them, serving to keep them firm in their places. Spiking down the iron chains to the 
blocks or sleepers, fastening the rails to the chains with iron keys, and adjusting the railwav to th, 
exact width, and curve, and level, come under this head of expenditure, " 
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Brought forward 

This expenditure comprises the following items : 

Rails for a double way from Liver- 
pool to Alanchester, with occa- 
sional lines of communication, and 
additional side-lines at the different 
depots, being about 3o miles of 
double way = 3,847 tons, at 


prices averaging something less 
than 12/. 10s. per ton .... £48,000 0 0 

Cast-iron chains, 1,428 tons, at an 

average of 1 oh 10.S 15,000 0 0 

Spikes and keys to fasten the chains 
to the blocks, and the rails to the 

chains 3,830 0 0 

Oak plugs for the blocks .... 615 0 0 

Sundry freights, cartages, &c. . . 467 0 0 


Interest account (balance) 

Land account 

Office establishment 

Parliamentary and law expenditure 

Stone blocks and sleepers • 

Surveying account 

Travelling account 

Tunnel account 

Tunnel compensation account 

Waggons used in the progress of the work . . 

Sundry payments for timber, iron, petty disburse 
ments, &e 


£479,880 


3,629 

95,305 

4,929 

28,465 

20,520 

19,829 

1,423 

34,791 

9,997 

24,185 

2,227 


16 8 


16 7 
8 8 
8 7 
6 11 

14 5 
8 7 
1 5 

4 9 

5 7 
5 7 

17 3 


Total . . . £739,185 5 0 


About 100,000/. more were required to complete the work. 

Since the period mentioned, we understand that the traffic on the railway has 
been constantlj' increasing. We have already described the nature and con- 
struction of the rail employed in this road, but it becomes necessary to a 
comprehension of the great effects produced upon it, to add some account of 
the levels and inclined planes of which it is formed; and this information is 
afforded in the annexed table. 


TunneU under the Town of Liverpool, from) 

Wapping to Edge-hill J 

Level 

To the Foot of Whiston, or RainhiU Plane . . 

RainhiU inclination 

RainhiU level 

Sutton plane 

Parr Moss 

Ditto 

Chat Moss 

To Manchester 


Miles 

Yds. 

Planes. 

1 

240 

Rise, 1 in 48. 

0 

1000 

Level. 

5 

220 

Fall, 1 in 1092. 

1 

880 

Rise, 1 in 96. 

1 

1540 

Level. 

1 

880 

Fall, 1 in 96. 

2 

880 

Fall, 1 in 2640. 

6 

880 

Fall, 1 in 880. 

5 

880 

Rise, 1 in 1200. 

4 

880 

Level. 


0 Total 

# 


.30 1240 


* Out of thirty-one miles, eighteen are laid with stone blocks, and thirteen with wooden sleepers 
or larch; the latter being laid principally across the embankment and across the two districts of 
moss. 
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The tunnel under Liverpool, which commences in Wapping, near the Queen » 
Dock, and ends at Edge Hill, outside the town, was constructed in seven or 
eight separate lengths, each communicating with the surface by means of 
perpendicular shafts. This tunnel is whitewashed throughout, and lighted with 
gas, and the effect produced is very singular and picturesque. The whitened 
roof and sides contiguous to each light are so strongly illumined, that the whole 
vista (observes Mr. Walker, in his “Description of the Railway,”) appe.ars like 
a succession of superb arches formed through massive parallel walls, the 
intervening spaces being left in comparative darkness. About half a mile from 
the tunnel the railroad crosses M'avertree-lane. Half a mile to the north of 
Wavertree, at Olive Wnuiit, there is an excavation through the solid rock, 
70 feet below the surface, and two miles in length. The road is then 
carried by means of a great embankment, varying from 15 to 45 feet in height, 
and from 60 to 1.35 feet in breadth at the base, across a valley at Roby, or 
Broadgreen, two miles in length. It then crosses the Ilayton turnpike road, a 
little past Roby; six miles and three quarters from Liverpool there is a junction 
railway for the conveyance of coals from the neighbouring mines ; on the right, 
and at a distance of seven or eight miles from the Liverpool station, it comes 
to the Whiston inclined plane, which is one mile and a half long, and rises 
about 1 in 96. There is here a stationary engine to assist the carriages in 
their ascent. For nearly two miles the road is then on an exact level. It was 
on this part of the road that the contest of locomotive carriages, for the premium 
of 500/., took place in October, 1830, the result of which determined the 
directors to make use of locomotive engines instead of stationary ones. About 
half a mile from the Whiston plane, at Rainbill, the Liverpool and Manchester 
turnpike-road crosses the railway, at an angle of thirty-four degrees. On 
leaving the level at Rainhill, the railway crosses the Sutton inclined plane, 
which is of the same extent as that at Whiston, and descends in the same 
proportion that tlie other rises. There is here another stationary engine. A 
little beyond Rainhill several collieries communicate with the road by means of 
railways, and the Runcorn Gap railway will here cross the line to St. Helen’s. 

The next object of interest is Parr Moss, the road over which is formed 
principally of the clay and stone dug out of the Sutton inclined plane, and 
extends about three quarters of a mile. The moss was originally about twenty 
feet deep, and the embankment across it is nearly twenty-live feet high, though 
only four or five feet now appear above the surface, the rest having sunk below 
it. The road is then carried over the r'alley of Sankv, by^ means of a massive 
and handsome viaduct, consisting of nine arches, of fifty feet span each ; the 
height of the parapet being seventy feet above the Sankey canal in the valley 
beneath. The viaduct is built principally of brick, with stone facings, and the 
foundations rest on piles of from twenty to thirty feet in length, driven into the 
ground. The breadth of the railway between the parapets is twenty-five feet. 
The viaduct is approached by a stupendous embankment, formed principally 
of the clay dug from the high lands surrounding the valley. A little to the 
south of the town of Newton the railway crosses a narrow valley, by the short 
but lofty embankment of Sandy Mains, and a handsome bridge of four arches 
each forty feet span, under one of which passes the Newton and Warriimton 
turnpike road. The Wigan and Newton branch here enters the railway ° 

A few miles beyond Newton is the great Kenyon excavation, from which 
above eight thousand cubic yards of clay and sand were dug out The 
Kenyon and Leigh Junction railway here joins the Liverpool and Manchester 
line, and, as it also joins the Bolton and Leigh line, brings into a direct enmm,,. 
nication Liverpool and Bolton. The Liverpool and Manchester railway then 
passes successively under three handsome bridges ; and a little beyond Culcheth 
over the Brosely embankment, which is about a mile and a half in length and 
from eighteen to twenty feet in height. It then passes over Bury-laiie, and the 
small river Gless, or Glazebrook, and a river at Chat Moss.\ This is' a huge 
bog, comprising an area of about twelve square miles, so soft, that cattle cannot 
walk over it, and in many parts so fluid, that an iron rod laid upon the surface 
would sink to the bottom, by the effect of its own gravity. It is from ten to 
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tliirty-five feet deep, and the bottom is composed of clay and sand. It was 
accounted by some an impossibility to carry the road across this huge bog ; but 
by ingenuity and perseverance the work has been effected, and a firm road is 
now carried across the moss. Hurdles of brushwood and heath are placed 
under the wooden sleepers, supporting the rails over the greatest part of the 
moss, and the road may be said toflo.at on the surface. The most difficult part 
was on the eastern border, extending about half a mile, where an embankment 
of twenty feet in height was made, and many thousand cubic feet of earth sank 
into the moss, and disappeared, before the line of road approached the proposed 
level. At length, however, it became consolidated ; in 1 S29, one railway was 
laid over the whole moss, and on the 1st of January, 1830, the Rocket steam 
engine, with a carriage and passengers passed over it. The line extends across 
the moss, a distance of about four miles and three quarters, and the road is not 
inferior to any other part of the railway. The work was completed at an 
expense of 27,719/. lU. lOt/. 

On leaving Chat ^loss, the road passes over the lowlands at Barton, extending 
about a mile between the Moss and Worsley canal, by means of an embank- 
ment ; it is carried over the canal by a neat stone viaduct of two arches ; it 
then proceeds through Eccles, and a portion of Salford, under six bridges ; it is 
carried over the Irwell by a handsome stone bridge of sixty-three feet span, 
thirty feet from the water, and then over twenty-two brick arche.s, and a bridge 
over Water-street, to the Company’s station in Water-street, Manchester, a 
distance of thirty-one miles from the Liverpool station. The railway is there 
on a level with the second story of the Company’s warehouses. On the line 
between Liverpool and Manchester, there are, besides culverts and foot bridges, 
sixty-three bridges, of which thirty pass under the turnpike-road, twenty-eight 
over it, four over brooks, &c , and one over the river Irwell. There are twentj'- 
two of brick, seventeen of wood and brick, eleven of brick and stone, eleven of 
wood, and two of stone and wood, at a total expense of 99,065/. 1 Is. 9d. 

From the top of the Liverpool tunnel to Manchester, with the exception of 
two inclined planes at Pamhill, (one ascending and the other descending at an 
inclination of one in ninety-six, and where some assistant power must be used,) 
there is no greater inclination than in the ratio of about one in eight hundred 
and thirty ; and since the advantage on the descending side will nearly coun- 
terbalance the disadvantage in ascending so gradual a slope, the railway may be 
regarded, for practical purposes, as nearly horizontal. The rails at the mouth 
of the tunnel, at Edge Hill, are forty-six feet above the rails at the Manchester 
end of the line. 

In the formation of the railway, there have been dug out of the different 
excavations, upwards of three millions of cubic yards of stone, clay, and soil ; 
which is equal to, at least, four millions of tons 1 

After mature consideration of the reports and calculations of various 
engineers, appointed to consider the most eligible description of power for the 
Manchester and Liverpool railroad, they determined upon preferring locomotive 
to fixed engines, provided the former could be made sufficiently powerful, and 
at the same time not of so great a W'eight as to injure the stability of the rails, 
and that would not emit smoke, which is one of the provisions of the Railway 
Act. ^ M ith the view also to obtain, if possible, an engine of improved con- 
struction, a public reward was offered by the directors in April 1829, for the 
best locomotive engine, subject to certain stipulations and conditions, which may 
be thus briefly stated: viz. to consume its own smoke: to be capable of 
drawing after three times its own weight, at ten miles an hour, and have not 
exceeding 501bs pressure upon the square inch on the boiler : two safety valves, 
one locked up : engine and boiler to be supported on springs, and rest on six 
wheels if it should exceed 4J tons: height to top of chimney not more than 
15 feet : weight, including water in boiler, not to exceed 6 tons ; but preferred if 
of less weight : jSiler, &c., proved to bear three times its working pressure : 
pressure gauge provided : cost of machine to be not more than 550/. 

On the day appointed, the following engines were entered for trial for the 
prize ; and the judges appointed to decide were, Mr. Nicholas Wood, of Killing- 
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worth, (the eminent writer upon railways, to who.se labours we stand much 
indebted in this article) ; Mr. Ilastrick, of Stourbridge, and Mr. Kennedy, of 
Manchester, who made judicious arrangements. 

The Rocket Steam locomotive, by Mr. Robert Stevenson. 

The Noi-eltt! ditto by Messrs. Braithwaite & Erricson. 

The Sans Pareil ditto by Mr. Timothy Ilackworth. 

The Perseverance ditto by Mr. Biirstall of Edinburgh. 

The Cyclopeds Horse locomotive, bj’ .Mr. Brandreth, of Liverpool. 

The trial, as before mentioned, took place on the level at Rainhill. Several days 
were employed in getting them into the best working condition for the contest. 

Ton. cwt. qr, lb. 

The Rocket weighed 4 5 0 0 

Tender, with water and coke . .3 4 0 2 

Two loaded carriages attached . 9 10 3 26 

Total weight in motion ... 17 0 0 0 


The rate of performance of this engine was found by the judges to be 70 miles 
in about five hours, or 14 miles per hour ; with an evaporation of 1 14 gallons 
per hour, and a consumption of coke of 2171bs. per hour. The greatest velocity 
attained was on the last eastward trip, the Ij mile being accomplished in 3' 44' 
which is at the rate of 24^ miles per hour. 

On the following day the next engine brought up to the starting post was the 
Sans Pareil, but on weighing, it was found to exceed the condition of 4.1 tons 
upon four wheels, therefore could not strictly compete for the prize. Never- 
theless, it underwent a trial of its powers, in order that the Directors might be 
acquainted with its merits. 

Ton. cwt. qr. lb. 

The weight of the Sans Pareil ... 4 Ij 2 0 

Tender with rvater and fuel 3 6 3 0 

Three loaded carriages attached ... 10 19 3 0 


Total weight in motion .... 19 2 0 0 


In making the eighth trip on the running ground, the pump that supplied the 
water to the boiler became disordered in its action, by which the level of the 
water in the boiler became reduced below the fire tube, and the leader plug, 
employed as a safety valve, was melted, and put an end to the experiment. 
But as far as the experiment was conducted, which extended to 27^ miles, the 
performance was creditable, being 19.i tons conveyed at the rate of 15 miles per 
hour. The greatest velocity attained was in the fifth trip; the limile being 
traversed in 3' 59 ', which is at the rate 22j miles per hour. The consumption 
of the coke in this engine was enormous, being at the rate of 6921bs per hour, 
which was found to be owing to the draft through the fire-place beinir so 
powerful, as to blow red hot cinders out of the chimney shaft. 

The Novelty, which was not tried until the 10th, owing to unavoidable cir- 
cumstances, carried its own water and fuel : and, therefore, to place it on the 
same footing as the other engines, the same proportion of useful load was 
assigned to it when compared to the engine, as the useful loads taken by the 
other engines have to their weight The power and its load were accordmelv 
as follow 

• 1 • ToYis.cwt qrs Ib^ * 

Weight of the Novelty, with water in the boiler ^3 1 0 0 


Tank, water, and fuel 0 16 0 14 

Two loaded carriages attached ^17 0 0 

Total weight in motion . . . 10 1 4 o 14 
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In the early part of the trial with this engine, the water supply-pipe burst, 
and put an end to the experiment for that day. Two or three days afterwards 
the trial was renewed, but another [unfortunate accident (that of one of the 
joints of the boiler giving way) terminated the proceedings, at the desire of 
Mr. Erricson, who voluntarily withdrew his carriage from the contest. The 
performance of the engine, while it lasted, indicated very excellent results ; the 
design, arrangement, and execution of the w'ork, were likewise highly creditable 
to the genius and talent of the proprietors. 

The Perseverance, after a short trial, was proved unsuited to the railway, and 
was immediately withdrawn by the proprietor. The course was thus left clear 
for Mr. Stevenson to receive the fairly won prize of 5001., which was awarded 
to him by the judges. 

The Cyclopede, though included in the foregoing list of rival machines, not 
being propelled by the power mentioned in the “ stipulations and conditions,” 
it could not properly be considered as entering the lists for the prize therein 
proposed ; it was, however, an inquiry well worth the investigation, what 
degree of power horses could exert in a locomotive machine of the kind, and 
thereby determine its comparative economy with that of steam. For these 
reasons a trial of the Cijclopetle took place ; bnt it only attained a speed of 
five or six miles an hour, owing, as we believe, to the horses not having suffi- 
cient power to exert themselves in their stalls, as well as to an injudicious con- 
struction of some parts. 

Having now stated the results of this memorable contest, it becomes neces- 
sary to give some account of the machines engaged therein. 

The ItoeJeet, constructed by Mr. Stevenson, of which an external side elevation 
is given in the following figure, possesses many of the characteristics of those 
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wliich were worked upon other railways, as already described. The fiirnace at 
A is a square box, about 3 feet wide, and 2 feet deep. This furnace has an 
external casing, between which and the fireplace there is a space of 3 inches filled 
with water, and communicating by a lateral pipe with the boiler. The heated 
air, &c. from the furnace passes through twenty-five copper tubes, 3 inches in 
diameter, arranged longitudinally on the lower half of the boiler, and then enters 
the chimney C. D represents one of the two steam c\ linders, which are placed in 
an inclined position on each side of the boiler, and then enters the chimney C. 
D represents one of the two steam cylinders, which are placed in an inclined 
position on each side of the boiler, and communicating by their piston rods, 
through the media of connecting rods E, motion to the running wheels. 
P G are safety valves ; E is one of two pipes on each side of the boiler, by 
which the eduction steam from the cylinders is thrown into the chimney, and, 
by the exhaustion thus caused in the latter, producing a rapid draft of air 
through the furnace. At M is exhibited part of the tender, which carries the 
fuel and water for the supply of the engine. 

A little reflection upon the construction of this boiler will evidently show the 
great advantages it possesses of generating steam with rapiditv, and hence the 
superior effects in propelling the carriage and its load. There are twenty 
square feet of heated metallic surface surrounding the furnace, the flames and 
heated matter from which infringe afterwards upon the twenty-five copper tubes 
lying immersed in the lower part of the boiler. These tubes contain 117 
square feet of surface, making altogether 137 superficial feet of heated metal 
in contact with the water. We understand that Mr. Booth suggested the 
arrangement of the flue tubes leading from the furnace to the chimney ; and 
we make no doubt that it was mainly owing to this contrivance that the prize 
was won by Mr. Stevenson’s engine. 

The Novelty, by Messrs. Braithwaite and Erricson, is exhibited in the sub- 
joined sketch, representing a side elevation of the machine. 

F is the carriage-frame ; E, one end of a long horizontal cylinder, forming 
the principal part of the boiler, which extends to the large vertical vessel A, at 
the other end of the carriage, and contains forty-five gallons of water ; L, a 
hopper to supply the fuel, (which is carried in small baskets placed on the 
carriage,) whence it is conducted by a tube in the centre of the steam-chamber 
A, into the furnace S, beneath. At C is a blowing machine, the air from which 
is conducted by a pipe under the carriage, and proceeding by the tube K enters 
the ash-pit M, under the furnace j Q is a pipe for the escape of the heated 
gases after the combustion, and forms the only chimney used ; B is the 
water-tank ; at D N are two working cylinders with their steam-pipes and 
valves ; the cylinders are six inches in diameter, and have a twelve-inch stroke ; 
O G are connecting-rods, which impart the force of the engines to the running- 
wheels. The axletrees are fixed to an iron rod, and slings are introduced to 
prevent the side action between the rod and the carriage frame ; and to prevent 
the effect of the springs from counteracting the action of the en<rine the 
connecting-rods are placed as nearly as possible in a horizontal poshion^ and 
the motion is communicated to them by bell-cranks on each side of the carriage 
being connected by the slings to the piston rods. The pistons used are the 

patent metallic of Barton (see Piston) ; and the running wheels, the patent 

suspension kind, ot Iheodore Jones and Co. (see Wheels.) 

The figure, on page 514, exhibits a section of the boiler introduced bv Messrs 
Braithwaite and Erricson, into the Novelty steam- carriage, which we are 
induced to insert here, as it has been deemed, by some persons, to be the rand 
desideratum in this branch of practical mechanics. It is, therefore desirable 
that its real merits should come under the consideration of the reader S ' 
the furnace, surrounded by water ; and L the tube by which the fuel is sii 1’ d 
to feed the fire ; M is the ash-pit, through which the air is forced by the i e K 
from the bellows of the engine. The vessel containing the Vater that suirounds 
the furnace, and the long cylinder that proceeds horizontallv fmm ti . 

the boiler, ’as shown at E E c. The flLes and heated air from L furn 
after ascending by the action of the bellows, enter a long tortuous flue wWch 
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makes three turns In the entire length of the horizontal boiler, escaping Anally 
at the chimney. The fuel in the furnace has, therefore, a direct action upon 



the water surrounding it ; and the water in the long cylinder is operated upon 
by the gases in the Aue, which gradually tapers from the furnace to the chimney, 
and has a constant inclination downward. This part of the arrangement seems 
to be good, as affording convenient means of cleansing the Aues of any soot 
that may deposit itself in them, which, it is presumed, may be performed at 
any time, by an energetic application of the blowing machine ; and as the 
whole of the furnace and Aue is surrounded by the water of the boiler, there 
can evidently be very little of the heat from the fiiel misapplied. 

The Sans Pareil of Mr. Hackworth, (see the engraving on the opposite page,) 
does not materially differ from the Rocket, the most conspicuous variation being the 
vertical, instead of the inclined position, of the working cylinders. The boiler B 
is cylindrical, of the Trevithick kind, with one of its ends convex outwards, and 
the other Aat. The Are-bars were of greater extent than usual, having an area 
of ten feet ; and the Aue-tube is returned to the front on one side of the Are- 
place, where it enters the chimney C. This Are-tube is of course entirely 
surrounded by the water in the boiler, and hence a considerable surface (though 
not so great as in the Rocket and Novelty) of heated metal is brought into 
contact with the Auid to be evaporated. D represents one of the two working- 
cylinders; these were seven inches in diameter, and had an eighteen-inch stroke. 
The piston rods, through the medium of the vertical connecting rods, operated 
upon the hind pair of wheels; and the latter being connected to the fore wheels 
by the horizontal connecting rods, shown acting in the manner of cranks, motion 
was communicated to both pair of wheels, — an arrangement which [is designed 
to cause a greater adhesion of the wheels to the rails, and of enabling the car- 
riage to draw a greater load, than if only one pair of wheels was operated 


upon. 

The Cyclopede, by Mr. Brandreth, which was also tried upon the railway, is 
represented in the cuts on pp.5l5, 516; Fig. 1 being a side elevation, andJ/^r. 2 
a plan of the same. It consists in an endless chain a a a, made of planks, 
about an inch and a half thick, and four inches wide, extending across the bed 
of the carriage, attached at their extremities to ropes, and carried over a drum h h, 
at each end of the carriage, as shown in the plan at Fig. 2. To strengthen these 
cross pieces, and to prevent one of them from slipping down by itself, a cleat e c, 
13 nailed on the end of each, and extends half-way across fiipse next to it, on 
each side ; the position of these, as they pass over the drums o b, will best show 
their extent and attachments. 'I'he chain platform is supported on a series of 
— e e e e. The horse is voked to the frame, and, by treading 
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on the movable platfoim, drives it round, by which the drums b b are made to 
revolve, and, through the medium of the spur wheels, shown in the plan, puts 


rii/. 2. 



in motion the carriage wheels. Two sets of spur-gear are provided, one at each 
end of the drum, so that either may be put in action at pleasure, and be adjusted 
according to the nature of the road, vvhether ascents, descents, or on horizontal 
planes, the speed or power being duly proportioned to the plane operated upon; 
ra represents the rope which is attached to the endless chain, and ww the 
railway. 

It will he observed, that by this arrangement the horse employed to propel 
the carriage is carried along with it, and thus a velocity of motion is produced 
in the machine far beyond the limits at which a horse can exert his power. 
Now, as it has been ascertained that the resistance from friction on a level 
rtiilway does not increase with an increase of speed, it follows, that in many 
cases much advantage might be obtained, by an increase of velocity greatly 
exceeding that at which a horse could exert his power, or even travel on the 
road, without exerting any power of traction. The principal objection raised 
against this plan is, that the horse has to carry his own weight ; but this 
objection equally applies to the locomotive steam-engine, in which the weight 
of one-horse power, including the water and fuel, falls very little, if at all, short 
of the weight of a draft horse. If we, however, suppose that the weight is 
increased thereby half a ton for the horse, it only amounts to a thirtieth part of 
his power of traction. An ordinary horse exerts throughout the day a force of 
150 lbs. when moving at the rate of two miles an hour, and this is equivalent 
to 36,000 lbs. moved upon the Manchester and Liverpool railway. It has been 
shown upon several railways, that horses can, and do, ^move the load we 
have mentioned at their ordinary working pace. But it is to be presumed that 
such an arrangement of mechanism may be (though it has not yet been) pro- 
duced, as will enable a horse, duly trained, to apply a portion of his weight as 
a mechanical force, in addition to his muscular exertion, which would render 
this mode of employing animal power highly effective and useful. There have 
been many attempts, prior to Mr. Brandreth’s, to apply horse power on the same 
principle ; and it may be considered that they have hitherto all failed, from 
their not being continued in use : we are, nevertheless, of opinion, that the 
subject is still worthy of the attention of the mechanic. 

To discover the cause of the great increase of speed, and the variable quan- 
tities of fuel consumed by the different locomotive engines, which competed for 
the prize at the Manchester and Liverpool railway, Mr. Wood instituted the 
comparative view of each, which is e.xhibited in the’following table, and to which 
we shall append his judicious comments. 

“In examining tlie above, we find a very important effect in the economy of 
fuel, produced by the Rocliet over the old engines, in the proportion of 11.7 to 
18.34, supposing the hearing powers of coke and coal he eqml. The cause of 
this is veiy' ohYUous, and is entirely attributable to the use of the tubes of small 
diameter, presenting such an area of surface to the water in the boiler. These 
tubes were used at the suggestion of Mr. Booth, treasurer to the Liverpool and 
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Names 

oi 

Engines. 

Area of 
File-grate, 
in feet. 

Area of 
radiant 
Surface, 
in feet. 

Area of 
commuiiicatne 
Surface, 
in feet. 

Cubic feet of 
Water 
evaporated 
per hour. 

Founds of 
Cuke re<iuired 
to evapoiMte 
a Cubic Foot 
of Water, 

Rocket . . . 

6. 

20. 

117.8 

18.24 

11.7 

Sans PareU . 

10. 

15.7 

74.6 

24. 

28.8 

Novelty . . . 

1.8 

9.5 

33. 



Old Engines. 

7. 

11.5 

29.75 

15.92 

18.34 


Manchester Railway Company, and nothing, since the introduction of those 
engines, has given such an impulse to their improvement. 

“ With a less area of fire-grate than the old engines, the siulace exposed to 
the radiant heat of the fire is as 20 ; 11.5, and the surface exposed to the com- 
municative power of the heated air and flame, as 117.8:29.75, nearly four 
times as great. 

“ Nor is this the only difference; in the old engines, the area of the tube (of 
22 inches diameter) for the passage of the flame and heated air to the chimney, 
was 380.13 inches ; and of this large body of flame and air passing throtigh the 
tube, only an extent of surface of 69.11 inches was exposed to the water in the 
boiler. In the Rocket engine, the area of heated air and flame in 25 tubes, 
3 inches each in diameter, was 176.7 inches, while the surface exposed was 
235.6 inches. 

“ It is not necessary, perhaps, to pursue the comparison further. The economy 
of fuel which must result from the ex|)osure of so much greater surface to 
the water, cannot fail to insure a more perfect abstraction of the heat, and thus 
not only save the fuel, but prevent great part of the previous destruction of the 
chimney, by the intense l>eat of the wasted caloric. 

“ The same remarks apply to the Sam Pared of Mr. Hackworth, as to the old 
engine, though in a less degree. In the Rocket, the surface exposed to the 
radiant heat of the fire, compared with the area of fire-grate, is as 3J : 1, while 
in the Sam Pared, it is only 1^:1; the same proportion as in the old engines. 
In the Rocket, the surface exposed to the heated air and flame, compared with 
the area of Are-grating, is as 193 : 1 ; while, in the Sam Pared, the proportion 
is only 7i : 1 . The bulk of air passing through the tube of the latter, will, at 
its exit into the chimney, he 176.7 square inches, the exposed surface being 
47.12, or 25 ; 1, nearly; while, as before stated, the bulk of air passing through 
the tubes of the Rocket, is 176.7 inches," or precisely that of the Sa/is Pared, 
while the surface exposed, is 235.6 inches, or I 3 : 1. These will sufficiently 
accoimt for the great difference in the economy of fuel between the two engines ; 
the Rocket requiring’only 11.7 lbs. to convert a cubic foot of water into steam, 
while the Sam Pared required 28.81hs. • 

“ Some explanation is, perhaps, necessary, why the Sans Pared shoidd, in 
this respect, he more extravagant than the old engines, while the extent of sur- 
face, compared with the area of fire-grate, is much greater, and therefore should 
exhibit a more economical residt ; and this explanation is the more necessarv, 
as, though not appearing at first sight, it involves a principle of the greatest 
importance in the economy of those engines; and wliich, if not acted upon, 
would render the use of the tubes, however otherwise valuable, considerably 
less effective. 

“ It will readily occmr to any one, paying a little attention to the matter, that 
the system of tubjs may be carried so far, as to reduce the temperature of the 
flame and heatecj air nearly equal to that of the water in the boiler ; in which 
case, when it reaches the chimney, it will he incapable, from its reduced tem- 
peratiu-e, of producing a sufficient draught of air through the fire-grate. This 
woidd prevent all the advantages being taken of the refiaefing lunvers, which 
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would otherwise result from tlie use of these tubes. It is stated in another 
part of this work, that on the introduction of those engines, it was necessary 
to resort to the application of waste steam thrown upwards into the chimney, 
to create a sufficient current of air through the fire ; which was afterwards laid 
aside, or only partially used, when only slow rates of speed were required. 

“ Mr. Hackworth had, it appears, in his engine, resorted to the use of this in 
a more forcible manner than before Used, throwing it up as a jet, and which, 
when the engine moved at a rapid rate, and the steam thereby almost constantly 
issuing from the pipe, had a most powerful effect. 

“ This, though effecting the object for which it was intended, being carried 
too far, partly in consequence of the rapid speed at which the engine was made 
to travel, was productive of another evil, which, though operating fatally so 
far as regarded that particular experiment, was capable of easy remedy. 

“ The consequence was, that when the engine began to travel at the rate of 
12 or 15 miles an hour, the draught was so great, that it actually threw the 
cinders out of the chimney with considerable force, producing a destruction 
of fuel enormously great, so much so, that the consumption was at least 692 lbs. 
per hour. 

“Tlie area of fire-grate of the Sans Pareil was 10 feet; supposing that the 
area of the fire-grate of the Rocket had been the same, the consumption of the 
latter engine, with its power of exhaustion, wotild only have been 361 lbs. ; 
showing that the force of draught was so much greater in the Sans Pareil, as to 
consume nearly twice the quantity of fuel in the same time. 

“This will satisfactorily account for the apparent anomaly in the consumption 
of fuel with this engine, compared with that of the old engines, having a single 
tube ; otherwise, though not likely to come up to the Rocket in point of economy 
of ftiel, we should have expected an effect considerably greater than in the old 
engines. The combustion of the fuel being so very rapid, and the abstracting 
surface so small, the heated air would pass off at a very high temperature ; thus 
accounting for the loss of effect. The knowledge of this fact, — or rather, 
availing ourselves of this power for the purpose of creating a draught in the 
chimney, — leads us to an inquiry of great interest. By an extension in the use 
of these tubes of small diameter, there is little doubt of oiir being able (sup- 
posing we can force the necessary quantity of air through them), to reduce the 
temperature of the heated air, before its exit into the chimney, nearly equal to 
the water in the boiler. This would be abstracting all the useful heat, and pro- 
bably effecting all the economy of which the fuel is susceptible. 

“ Perhaps it would not be advisable to carry it quite so far as this ; for when 
the temperatures become nearly equal, the abstraction of heat would be so slow 
as to require a greater length of tube than it would be convenient to employ. 
We may, therefore, suppose that in all cases the temperature of heated air 
passing into the chimney will be greater than that of the water in the boiler. 
This heat will, however, be insufficient, in engines of this kind, to cause a suffi- 
cient quantity of air to pass through the fire for the purpose of combustion ; 
and it becomes a question, whether we should allow a portion of the heat to 
escape for that purpose, or, by contracting the exit of the escape of the steam 
from the cylinders into the chimney, to effect the same object. 

“ Whether the last method is the most economical or not, though there is 
every reason to suppose it is, perhaps it is the only one with these engines that 
is suitable for their action upon railways, especially for quick travelling. The 
performance of those engines depends entirely upon the quantity of steam they 
can raise in a given time ; and when travelling at the rate of fifteen miles an 
hour, or upwards, the production of steam is required to be very rapid indeed : 
the mode of producing a proper draught through the fire, by throwing the 
steam into the chimney, after its passage through the cylinders, is, perhaps, 
therefore the best ; as the quicker the engines travel, and wjjen, consequently, 
the necessity for steam is the greatest, the then rapid and ^most continuous 
exit of the steam into the chimney, increasing in proportion to the incieased 
speed of the engine, produces at the same time a correspondingly greater quan- 
tity of steam. 

' . t 
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“ In the Rocket engine, this mode of increasing the draught of the chim- 
ney was but partially used ; the steam was made to pass into the chimney 
by two pipes, one from each cylinder, and the size of the aperture was not, 
therefore, sufficiently small to cause the steam to pass into the chimney with 
adequate force; still, in that engine, we find it only required 11.7 lbs. to evapo- 
rate a cubic foot of water, — 36 per cent, less than with the old engines. We 
shall afterwards find, that tliis has been considerably more reduced in the engines 
lately made. 

“ The Novelty engine is on a different principle from those previously' con- 
sidered, the necessary' supply of air to the fire being produced by a bellows. 
In this case a chimney becomes unnecessary, and from the way in which the 
Novelty is constructed, the air was forced through the fire in a very Con- 
densed or compressed state. The area of fire-grate being little more than one- 
third of that of the Rocket, and the surface exposed to the radiant action of the fire 
less than one-half the temperature to which the fire was raised, must, of course, 
be considerably greater, to evaporate an equal quantity of water in the same time. 
The abstraction of heat would be probably' more perfect in the Novelty, for the 
tube through which the flame and heated air passed in its exit to the atmo- 
sphere was 36 feet in length in one tube ; whereas in the Rocket there was the 
same length, though subdivided into six tubes. It is, however, extremely ques- 
tionable, whether one tube, 36 feet long, or 6 tubes, each 6 feet long, of the 
same sectional area, are more preferable ; the latter would, of course, give a 
much greater exposure of surface. Tlie area of exit of the heated air into the 
atmosphere of the Rocket, was 25 times that of the Novelty ; from which we 
may imagine the degree of compression necessary to force the same quantity' of 
air through the fire ; though we do not say-, that to raise an equal quantity of 
steam, an equal quantity of air, in that higlily compressed state, is necessary. 

“ It was much to be regretted, that the experiment u-ith the Novelty could 
not be continued sufficiently long to ascertain the power of raising steam by 
this method ; the inquiry was of the utmost importance. Theoretically consi- 
dered, we are of opinion, that this mode of generating steam is more econo- 
mical in point of fuel, than in engines, the combustion of the fire of which is 
kept up by the rarefication in the chimney; but there are practical objections to 
set against this, of which the destruction of fire-bars, and the power required 
to work the bellows, are not the least. We say theoretical, because, suppose 
two generators, the area of the grate-bars, extent of radiant, and commimicative 
surface, are in both the same, except the area of exit pipe into the chimney, 
■which, with the generator worked by the bellows, is one half of that by exhaus- 
tion of the chimney. If the same quantity' of air pass through the grate-bars 
in each, that with the bellows will necessarily be in a more compressed state, to 
force the same quantity of heated air through the narrow exit ; and this com- 
pressed state of the heated air will, of course, cause more of the caloric to be 
abstracted than in the other case ; for we suppose the temperature reduced to 
the same, in both cases, in the exit pipe. For if the heated air, in both cases, 
pass into a chimney of the same area, andj equal to that of the exit pipe from 
the generator, on the exhaustion principle ; the temperature of the heated air 
being supposed to be the same, in both cases, in the exit pipe : the heated air 
from the generator with the bellows will, therefore, have to expand itself in the 
chimney, into t^vice its voliune, which will, of course, reduce its temperature 
below that of the other ; thus proving a more complete abstraction of the heat. 
The only question is, whether the disadvantage in practice, consequent upon 
the operation of such a principle, does not counterbalance any advantage gained 
in the economy^ of fuel ; and this we must leave to experience to determine. 

“ The question between the two modes, however, assumes a new charac- 
ter since the application of the steam firom the cy'Under to create a current of 
air in the chimney ; as in that case we can, by the use of a greater number of 
smaller tubes, redifce the temperature so low, until, if advisable to do so, it is 
equal to that of frie water in the boiler. And it then becomes a subject of 
inquiry', which of the two modes occasions a greater loss of power in obtain- 
ing the necessary cuneut of air ; the working of the bellows in the one case. 
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or the loss of power by the obstructed passage of the steam into the chimney, 
in the other. 

“ It is perhaps necessary, after the above disquisition, to explain, so far as we 
are able, the cause of the failure of the Xorelty engine at the Liverpool experi- 
ments ; to show' that it arose from no defect in the principle, but only in the 
construction of that engine. It will be seen by the sketches of this engine, that 
the flame and heated air, after leaving the fire, p:is.scd through the winding 
pipe of the horizontal generator. The generator was only 12 inches diameter, 
and there were three folds of the flue-t>dje within it, in diameter from I inches 
atone end, to 3 inches at the other; very little space was therefore left between 
the flue-tube and the top of the generator. The temperature of the fianie 
within this mbe, when the engine was running at a quick rate, would be very 
great, especially where it left the upright generator ; and the evolution of heat 
would, therefore, be so rapid, that tlie passage of the steam out wmdd prevent 
the water from flowing along this horizontid generator ; and the consequence 
was, that the flue-tuhe got div’, and either collapsed with the heat and pressure, 
or gave way at the joint. This, it will be seen, however, arises from no defect 
of principle, and was easily remedied.” 

The performance of the improved locomotive engines upon a level railway, 
has been estimated at from 30 to 40 tons, moved at the rate of 15 miles an 
hour; according to'| which the following table, reduced from Mr. Wood’s calcu- 
lations, will show the quantity at different inclinations of plane. 


Inclination 

OF 

Planes. 

Gross Load in Tons 
which a Locomotive Engine, 
capable of taking 

30 Tons at 15 Miles per Hour, 
will drag 

at the under-mentioned Velocities, 
in Miles in an Hour. 

Gross Load in Tons 
which a Locomotive Engine, 
capable of taking 

40 Tons at 15 MiJes per Hour, ' 
will drag 

at the under-mentioned Velocities, 
in Miles in an Hour. 




Miles. 

Miles. 

Miles. 

Miles. 

Miles. 

Miles. 

Miles. 

Miles. 

Miles. 

Miles. 




10. 

12. 

14. 

16. 

18. 

12. 

14. 

16. 

18. 

20. 

Lerel . . 

53.4 

45. 

34.28 

26.25 

20. 

60. 

45.70 

35. 

26.66 

20. 

1 

in 

4480 

50.85 

42.57 

32.62 

24.97 

18.97 

57.1 

43.5 

33.3 

25.3 

19. 

1 

in 

2240 

48.51 

40.87 

31.12 

23.85 

18.15 

54.5 

41.5 

31.8 

24.2 

18.1 

1 

in 

1120 

46.5 

39.07 

29.77 

22.8 

17.32 

52.1 

39.7 

30.4 

23.1 

17.3 

1 

in 

1000 

43.56 

36.75 

27.97 

21.45 

16.27 

49. 

37.3 

28.6 

21.7 

16.3 

1 

in 

900 

42.9 

36.3 

27.6 

21.15 

16.12 

48.4 

36.8 

28.2 

21.5 

16.1 

1 

in 

800 

41.7 

36.15 

26.77 

20.47 

15.6 

46.9 

35.7 

27.3 

20.8 

15.6 

1 

in 

roo 

41.25 

34.05 

25.95 

19.87 

15.07 

45.4 

34.6 

26.5 

20.1 

15.1 

1 

in 

600 

39. 

32.85 

24.97 

19.05 

14.55 

43.8 

33.3 

25.4 

19.4 

14.6 

1 

in 

500 

37.05 

31.2 

23.77 

18.22 

13.87 

41.6 

31.7 

24.3 

18.5 

13.9 

1 

in 

448 

35.61 

30.0 

22.87 

17.47 

13.27 

40. 

30.5 

23.3 

17.7 

13.3 

1 

in 

400 

33.75 

28.8 

21.97 

16.8 

12.75 

38.4 

29.3 

i 22.4 

17. 

12.8 

1 

in 

350 

32.7 

27.37 

20.85 

15.97 

12.15 

36.5 

27.8 

:21.3 

16.2 

12.1 

1 

in 

300 

31.44 

25.8 

19.65 

15.07 

11.47 

31.4 

26.2 

120.1 

15.3 

11.4 

1 

in 

250 

28.2 

23.77 

18.57 

13.87 

10.57 

31.7 

21.1 

!18.5 

14.1 

10.6 

1 

in 

200 

25.11 

21.22 

16.12 

12.37 

9.37 

28.3 

21.5 

1 16.5 

12.5 

9.46 ! 

1 

in 

150 

21.36 

18. 

13.65 

10.5 

7.95 

24. 

18.2 

14. 

10.6 

8. i 

1 

in 

100 

17.55 

14.77 

11.25 

8.62 

6.58 

19.7 

15. 

11.5 

8.78 

6.58 




The following extracts from the newspapers (which we believe are substan- 
tially correct) afford an account of some interesting experiments, which show 
what the locomotives and the railway are capable of. 

“ On Saturday, the 4th of December, 1830, the Planet engine, Mr. Steven- 
son s, took the first load of merchandise which has passed along the railway 
from Liverpool to Manchester. The team consisted of 18 carriages, containing 
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135 bags and bales of American cotton, 200 barrels of flour, 63 sacks of oat- 
meal, and 34 sacks of malt, weighing altogether 51 tons, 11 cwt. 1 quarter. 
To this must be added the weight of the waggons and oil-cloths, 23 tons, 8 cwt. 
3 quarters. Tender, water and fuel, 4 tons, and 15 persons on the team, 
1 ton, making a total weight of 80 tons, e-xelusive of the engine, about 6 tons. 
The journey was performed in 2 hours and 54 minutes, including three stoppages 
of 5 minutes each (one only being necessary under ordinary circumstances), for 
oiling, watering, and taking in fuel ; under tbe disadvantages, also, of an 
adverse wind, and of a great additional friction in the wheels and axles, owing 
to their being entirely new. The team was assisted up the Rainhill inclined 
plane by other engines, at the rate of 9 miles an hour, and descended the 
Sutton incline at the rate of 16i miles an hour. The average rate on the other 
parts of the road was 12J miles an hour, the greatest speed on the level being 
15j miles an honr, which was maintained for a mile or two at difierent periods 
of the journey .” — Lkerpool Paper. 

The annexed experiment shows the velocity of motion that had been 
attained on the railway at the period mentioned. 

“The journey between the two places was on the 23d of November (1830) 
performed by the Planet engine in 60 minutes, including 2 minutes, the time 
employed in taking in water on the road, as usual. 

“ The motive for performing the journey was that the engine had been 
engaged to bring up from Manchester to Liverpool some voters for the election, 
and by some cause or other, the time of setting out was delayed, rendering it 
necessary to use extraordinary dispatch in order to convey the voters to Liver- 
pool in time .’’ — Liverpool Paper. 

'The application of compressed air to the propulsion of carriages, was also 
attempted by the ingenious Mr. Samuel W. Wright, whodiad a patent for the same 
in April, 1828. As the mechanical combinations of this gentleman usually 
possess great interest, from their originality and a skilful mode of appl 3 dng 
them, we shall here introduce a description of his locomotive machine, with 
reference to the following cut. 



The above figure represents a side view of the machine, partly in section, 
o a a is the frame work upon which the engines, machinery, and body of the 
carriage are mounted: at 6 there are two long metal cjdinders (one being 
behind the other), having semispherical ends for containing the compressed 
atmospheric air ; these vessels are filled by means of pipes and cocks, either 
from a stationary reservoir under the required pressure, or by means of air- 
pumps. For the'purpose of increasing the elastic force of the compressed air, 
it is allowed to enter through pipes and cocks at d into a third cylinder e, 
placed above the two, and extending over one of their extremities; under the 
VOL. ii. 3 o , 
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middle of this third cylinder there is a small furnace, whereby the air is heated, 
and its expansive force increased before entering the working cylinders of the 
engines, which are situated at 1. This heating is chiefly eSected by a pipe g, 
proceeding from the furnace, and entering a series of tubes contained in the 
cylinder e. W hen the air has acquired sufficient elasticity, it is admitted 
through a pipe h into the slide valves i, and thence into the cylinders ; the 
valves being worked by eccentrics and rods in the usual manner, as partly 
shown. The force is communicated by the piston rods to connecting rods at 
n n, which give rotation to the cranks at o, the shaft p, and the drums q, which 
are connected by bands or straps to the drums at s ; these being fixed upon the 
naves of the running wheels 1 1, communicate motion thereto, and propel the 
carriage. 

Steam may be generated by the furnace /in a small boiler or pipes, and be 
then conducted to the cylinder e, where giving out a portion of its heat to, and 
combining with, the compressed air, the air is thereby rendered more elastic. 
The heat or steam from the furnace /may be conducted to the engines (without 
nsing the third cylinder e e), and there unite with the compressed air from the 
cylinders. 

Mr. Wright does not describe, but merely mentions that the man having 
charge of the machineiy may, by “ any proper connecting gear, control tire 
working of the engines, valves, cocks, and force pump, and stop or abate the 
speed of, or set the carriage going, as may be requisite and he proposes that 
an eccentric motion be added to the shaft p, which, by a connecting rod, shall 
“ work a pump, to compress and force air into either of the cylinders, when the 
carriage is going down hill, and which will serve also as a brake to check the 
speed in descending.” When the carriage is to be guided out of the straight 
line, the winch-handles 1 1 are to be turned round, and a bevel wheel on their 
shaft 2, acting on another bevel wheel on the end of the upriglit rod 3, commu- 
nicates motion to the pulley 4 ; upon this pulley are attached the ends of two 
chains, 5, their other ends being connected to the pulley G, upon the shaft 7 ; 
on this shaft is another pulley 8, with the ends of two chains 9 9 fastened to it, 
their other end being connected to the opposite sides of the axle of the fore- 
wheels ; upon motion being given to these drums, the chains are wound on and 
off them, and cause the axletree 9 9 to turn out of the right angle to the track 
of the carriage, thus causing it to travel in a curved line. At different stations 
on the road on which the carriage is intended to travel, strong metal reservoirs 
are to be placed, which are to be filled with atmospheric air, compressed to the 
required density by a common force pump, worked by steam or water pow’er. 
From these reservoirs the air is to be passed through proper connecting pipes 
and cocks into the cylinders b b contained within the carriage, for the supply of 
the engines. 

Mr. Wright’s’patent also includes a rotative engine, to be worked by air or 
steam, for propelling the carriage, which possesses no peculiarities demanding 
of notice in this place. The claim as to the application of the locomotive 
power, relates “ to the propelling, drawing, or moving wheel carriages by the 
agency of compressed air, heated and used in the manner above described.” 

Mr. Clive, of Chell House, Stciffbrdshire, took out a patent on the 1st of July 
1830, for “ certain improvements in the construction of, and machinery for, 
locomotive ploughs, harrows, and other machines and carriages,” in which his 
chief objects appear to be twofold ; first, the enlargement of the wheels on 
which the locomotive engine is supported and moves ; and second, the 
enlargement of the radius of the crank, by which the rotation of the bearing 
wheels is produced. He considers that the bearing wheels might be varied 
according to circumstances, from about five to ten feet ; and that the radius of 
the cranks should vary, according to the quality of the road or land, if employed 
for ploughing and harrowing, on which they are to be employed, from about 
eighteen to twenty-four inches. ' 

This gentleman has, we believe, under the signature of Stueula, written many 
ingenious papers in the Mechanics’ Magazine, in support of his theory, of the 
necessity of long cranks to the effective action of locomotive machines upon 
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common roads wliere the hills are considerable, or the obstructions of an abrupt 
nature. It will not accord with our limits to enter the controversy which has 
arisen upon the subject ; but we will Just briefly state, that from a cursory 
glance at the matter in dispute, it appears to us that Saj:ula considers the 
propelling power is exerted only in a vertical direction downwards; and that 
consequently any obstacles, such as a stone l5’ing before the path of a wheel, at 
a greater distance from the Imvest point of it than is the length of the crank, 
cannot by any power, however great, be surmounted. But on the other hand 
it is contended, that the propelling power acts uniformly throughout the circle, 
the same as if it were communicated directly by the piston of a rotatory engine. 

A machine for “ propelling carriages, vessels, and locomotive bodies,” was 
invented and patented by Mr. Robert Crabtree, of Halesworth, in Suffolk, on 
the 4th of July 1829, the arrangement of which exhibits considerable mecha- 
nical skill ; but the “ principle ” of its locomotive action having already been 
patented by Mr. Holland, as described by us in a previous page, Mr. Crabtree’s 
ingenious modification will serve him but little ; there is, however, no proba- 
bility that either can be brought to compete with the machinery now in general 
use, on account of the greater degree of friction and liability to derangement, 
which numerous reciprocating levers must necessarily cause over the continuous 
rotatory movement. Mr. Crabtree thus explains the nature of his invention, in 
the introduction to his specification : — 

“ This invention consists in a machine or apparatus, or arrangement of 
mechanism, which is put in motion by means of a pendulum, or lever, acting 
upon two lever chains, or systems of levers, commonly called “ lazy tongs,” 
which, by their alternate expansive and contractive motion in propelling 
weights to and fro upon a main beam, balance, or lever, act by means of crank 
rods upon the cranks of paddle wheels in relation to vessels, and upon common 
wheels in relation to carriages, and upon toothed wheels, drums, straps, or bands, 
in relation to fixed machinery ; and also by means of propellers in relation both 
to vessels and carriages, thereby producing progressive motion.” Mr. Crabtree 
then proceeds, by means of drawings, to show' the application of the invention 
to the propulsion of vessels ; by one method he gives motion to a paddle wheel, 
and by another to propelling sticks, which are to push out against the ground at 
the bottom of a canal. Having described these navigating propellers, the 
patentee observes that, “ it is obvious that the same mode of operation equally 
applies to the propelling of locomotive bodies upon land ; for which purpose, 
nothing more is necessary than to apply the cranks to the axes of the carriage 
wheels, instead of the paddle wheels, or to propel them by the action of the 
main lever on the propellers.” 

The next candidate for the Royal letters appears to be Mr. John Moore, of 
the city of Bristol, to whom they were granted on the 30th of September, 1829, 
for “ certain new or improved machinery for propelling carriages ; also for 
propelling ships, vessels, or other floating bodies, and for guiding propelled 
carriages, and apparatus for condensing the steam of the steam-engines after it 
has propelled the steam-engine piston.” The details of all these things would 
occupy too much space, and the quality of the inventions do not seem to 
require it from our hands ; we shall, therefore, briefly notice the principal heads, 
and refer the reader to the inrolled parchment “ for further particulars.” The 
propelling is effected by a series of vibrating levers (actuated by a steam 
engine), and operating upon the running wheels of the carriage. The mode of 
“guiding propelled carriages” is by means of a vertical spindle carrying a 
pulley, around which a cord or chain is passed as well as around other pulleys, 
by which the frame of the fore wheels is placed at the required obliquity to the 
perch ; and the mode of condensing the steam, after it has propelled the piston, 
is by allowing it to escape from the eduction-pipe, into a box opened to the 
atmosphere. 

A patent for “»:ertain improvements in steam boilers, and in carriages 
connected therewith, ” was taken out on the 2d of November, 1829, by Colonel 
Viney of the Royal Artillery ; the specification of which informs us, that they 
consist, first, in a boiler made up of a series of cylinders or tubes, placed in 
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succession within each other. The difference between the diameters of the 
tubes is such as to leave annular spaces between them. The tubes are made 
somewhat conical, and they are placed alternately with their wide and narrow 
ends upwards, so that the spaces between them alternately taper towards the 
top and bottom. Those spaces which taper towards the top are open at both 
ends, and used as flues for the passage of flame, smoke, &c., from a furnace at 
the bottom of the apparatus ; and the spaces which widen towards the top, are 
closed at both ends, and used to contain water and steam. A communication is 
introduced, for the passage of steam from one space to another. There are a 
series of openings for the escape of smoke, and to produce a draft through the 
flues. We have only described one of a series of boilers which the patentee 
proposed to employ when much power is required ; and these he arranges in a 
circular position, or any other which) may be found most suitable to the 
space to be appropriated to the boilers of steam carriages, the propelling of 
which seems to be his principal aim. The advantages contemplated by this 
arrangement are the great extent of surface exposed to the heat ; but it will 
be readily perceived that this does not possess the strength of a tubular boiler, 
as all parts will necessarily be subjected to the same degree of pressure, and the 
exterior vessel must, from its size, be regarded rather as a cylindrical than a 
tubular boiler. 

The foregoing is what the Colonel (now General) Viney describes as his in- 
vention ; but he claims, in addition, the doing away with the use of separators 
and blowing-machines in steam carriages. With respect to the first of these 
extraordinary prohibitions, we must leave Mr. Gurney to contest the point with 
the gallant General. 

One of the chief difficulties in the application of locomotive carriages to rail- 
ways has been to obtain sufficient friction or adhesion between the driving 
wheels and the rails to cause them to ascend planes of considerable inclination, 
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a third or friction rail between the two beating rails. This friction rail consists 
of a flat piece of iron extending along the middle of the road, and securely 
fixed in a vertical position, as represented in section in the annexed figure. On 
each side of this friction rail, which is made of considerable depth, is placed a 
horizontal friction roller, as shown at c d. The roller c being made considerably 
larger than d, and fixed upon its vertical shaft e, while d is permitted to turn 
freely on its vertical shaft f. On the driving axis g is fixed a bevel wheel h, 
which tui-ns another bevel wheel i, fixed upon the vertical shaft e of the driving 
roller c. The bearings of this driving roller and its shaft are firmly fixed to the 
under side of the locomotive carriage by the block shown at k, and the bearings 
of the friction roller d are hinged to the block at I, that it may at pleasure be 
pressed against the friction rail a, by the lever m. This lever is wrought by 
bringing it within reach of the engineer or'his assistant, who, acting upon the long 
arm of a powerful lever, causes any degree of pressure upon the friction rail by 
nipping it between the rollers, c d ; at the same time the driving wheels n and o 
of the carriage are released, and permitted to turn independently of the driving 
axis g, by shifting the binding rings p q. When the friction driving apparatus 
is in action, the wheels n and o become simply supporting wheels, and run on 
the supporting rails r r. The patentees confine their claim to the driving 
apparatus which we have described, though they state that it may be put in 
motion through the medium of the driving axis, by the steam engine employed 
to actuate the driving wheels, of the usual construction, or a separate cylinder 
may be employed to give motion to the patent driving apparatus. The depth 
of the friction rail a must necessarily be varied to correspond with the inclination 
of the steepest plane on which it is to be applied. 

There is evidently considerable ingenuity displayed in these arrangements, 
but we doubt whether the patentees have hit upon the readiest way of obtaining 
an increase of adhesion by an increase of the surface, and pressure of the 
movable and stationary parts in contact 

The next locomotionist who received the great seal, was Mr. Nathan Gough, 
of Salford, some of whose arrangements possess originality, and are not desti- 
tute of merit. The form of the vehicle for the reception of the passengers is 
similar to that of an ordinary stage coach, having a great boot behind, and 
another in front, for containing the principal parts of the propelling machinery. 
Under the back seat of the carriage, extending its entu-e length, and about a 
foot more in depth, is an iron case, which encloses four vibrating engines on 
trunnions, working as many throws of a crank, radiating from their common 
axes at uniform angles of 90“ with respect to each other. This cranked axis 
is lengthened out beyond the range of the engines about one foot on each side, 
whereon are placed two pitch chain wheels ; around these pass two endless 
pitched chains, which also go round two similar chain wheels, fixed to the 
running wheels of the carriage. The chain wheels are made so as to run loose 
upon the cranked shaft, and are fixable thereto at pleasure, by means of 
coupling boxes, placed under the control of the guide or steersman, so that he 
may slide them into or out of gear according to circumstances, by simple pres- 
sure with his feet upon two “foot levers,” one for each foot, so that by pressing 
on the right the chain wheels are locked to the axis, and, by pressure on the 
left, the wheels are unlocked by sliding back upon the axis when they run 
loose ; that is, the rotation of the axis by the force of the engines does not 
impart motion to it. By another movement the chain wheels are brought into 
action, with contiguous gear for producing a slow motion, as in ascending a 
hill ; but when the work becomes lighter, the steersman, by his foot, shifts 
back the chain wheels to the quick motion, or he may entirely disengage the 
connecting parts, and thereby stop the progress of the carriage. 

The front wheels of the carriage have separate independent axles, which turn 
horizontally upon a perpendicular column affixed to the fore framing. To guide 
the carriage, the steersman sitting in front turns a vertical spindle, the lower 
extremity of which canies two arras, that, by connecting rods attached to the 
separate frames of the two fore wheels, places them in the oblique direction 
required according to the curve of the road. Each of the fore wheels being 
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thus made to turn on its own centre, renders tlic action of guiding exceedingly 
easy. 

The boiler is situated quite at the back of the carriage, and it is judiciously 
formed of a large cylinder, with a series of small tubes passing through it for 
the furnace flues. The lower part of the boiler is divided by perpendicular par- 
titions, to prevent the water from leaving it uncovered during the ascent or 
descent of hills or inclined planes, or from the effects of other disturbing causes. 
To regulate the admission of the steam to the cylinders, and its exit therefrom, 
a species of three-way cock is employed ; this is placed under the control of the 
guide, so that he may diminish or increase the quantity, and, by a further turn, 
should it be desired to stop the carriage suddenly, allow the steam toblow off. Tlie 
steam from the last-mentioned cock next passes through a “distributing cock,” and 
then enters each cylinder through passages on its trunnions, regulated by a cock 
fixed on each, which admits the vapour alternately on each side of the pistons, as 
the cylinders vibrate on their centres. The steam which is forced out of the work- 
ing cylinders by the back stroke of the pistons, is conducted through a pipe into 
a chamber, which the patentee calls the heating chest; wherein is also received 
the steam that blows off from the safety valve. There is a vessel connected 
with the boiler, containing a float, by means of which the amount of water 
forced into the boiler is regulated. This pump is worked by a lever, acted upon 
by a cam, that revolves upon the crank shaft. The water for the supply of the 
boiler is forced by the pump through a long winding tube in the heating chest, 
by which the temperature of the fluid becomes considerably heated before it 
enters the boiler. There is also a float in the boiler, connected with the water 
way of the pump, which, as the water rises in the boiler, closes the supply valve, 
so that if the pump continues in action, no more water can be inj'ected, but it 
will be returned through the cold water pipe. There are two water tanks, one 
on each side of the carriage, next to the hind or propelling wheels, and between 
these tanks is the coal-hole. 

The introduction of railroads and other facilities of transport has for many 
years past occupied the attention of the citizens and legislature of the United 
States of America, and every improvement made in that country of a decided 
or specious character, soon after makes its appearance here, under the pro- 
tection of the great seal. Amongst the many ingenious men who have imported 
themselves along with their inventions, is Mr. Ross Winans, of Vernon, in New 
Jersey, whose patent is dated the 28th of May 1830, and is entitled, “ Certain 
improvements in diminishing the friction of wheel carriages, to be used on rail 
or other roads.” Mr. Winans’ proposition for effecting this desirable achievement, 
is a very ingenious modification of various other abortive plans (which, in the 
language of mechanics, and for the want of a more suitable term, is denomi- 
nated) on the same principle. Mr. Winans suspends the weight of the carriage 
on the interior of a set of friction wheels, whose peripheries extend considerably 
beyond the axes on which they turn. One of the advantages pointed out by 
the patentee is, that in cases of slight turnings, or {inequalities in the railroad, 
the pivots resting on the peripheries of the friction wheels will pass a little 
backwards or forwards, and thus permit the wheels to accommodate themselves 
to the rails. Some comparative experiments on the friction of the axles of 
these carriages were instituted by the Manchester and Liverpool Railway 
Company, under the superintendence of Messrs. Hartley and Rastrick, of which 
Mr. VVood has given us an account, which we are induced to insert in this place, 
as it tends to throw considerable light on a subj'ect upon which much study and 
ingenuity has been wasted. 

The carriages tried were the several contrivances of Messrs. Winans, 
Brandreth, and Stephenson, and were of the following construction. In Mr. 
Winans’ carriage the axles, projected through the naves of the wheel, were made 
to run upon the interior of the periphery, or inside of the rim of the friction 
wheels. The body of the carriage No. 1 of the experimShts, consisted of a 
platform, with four cast-iron wheels, each 20 inches diameter, *which ran upon 
the rails; the axles of these projected through the naves, the ends being I^ 
inches in diameter, and 2 inches long, and rolled upon the inside of the rim of 
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four friction wheels, 8 inches in diameter, which friction wheels were sup- 
ported by a journal, 1 inch in diameter, and IJ inch long. No. 2 did not 
differ from this in construction, except the travelling wheels, which were in this 
case 30 inches in diameter, and case hardened. 

Mr Brandreth’s carriage was also mounted on friction wheels, hut the axles 
of the travelling wheels in this ran upon the outside of the rim of the friction 
wheels, and were kept upon the apex thereof, by guides. The carriage No. 1 
was a platform, resting on four case-hardened wheels, 30 inches in diameter ; 
the axles 3 inches in diameter. One of the axles rolled upon the apex of the 
rim of two friction wheels, 12 inches in diameter, and 3 inches broad on the 
rim : the other axle rested on the middle upon one friction wheel, similar to the 
other ; this arrangement was for the purpose of causing the four travelling 
wheels always to preserve their parallelism with the rails. These friction wheels 
ran upon bearings 2 inches diameter, and 2i inches long. No. 2 was another 
carriage of similar construction, with a body for the loading. 

Mr. Stephenson’s carriage consisted of a platform resting on four travelling 
wheels, 3 feet diameter, case hardened ; the axles, as shewn in the drawing, 
passed through the nave, were turned down to If inch in diameter, and 
rested upon bearings of brass, 3^ inches in length, working upon springs. 
Knowing that the friction of rolling is less than that of attrition, Messrs. 
Brandreth and Winans expected, hy disposing a much greater portion of the 
motion of the working parts into a rolling motion, than in the common 
carriages they would effect a corresponding reduction in the amount of friction. 
The experiments given in the following table were made upon a part of the 
Liverpool Railway, wrought iron rails 2j inches broad on the top, and the 
experiments were conducted by Mr. Rastrick in the following manner : — The 
carriages were allowed to run down a descending plane, at the bottom of which 
the inclination was in a contrary direction, along which the momentum 
acquired in their descent on the other plane caused them to run until the 
friction brought them to rest : the difference of level between the two planes, 
(in the space passed over) with the distance traversed, giving the amount of 
friction. The Table on the following page will shew the result. 

In making these experiments, the rails were swept quite clean, and kept free 
from any extraneous matter that would have the effect of diminishing friction ; 
though when worn bright with use, the surfaces will be much smoother than 
the state in which the rails were when the experiments were made, and 
therefore we may, perhaps, take them as the average resistance with e.xperi- 
mental carriages. During the time of making the experiments, the wind is 
stated to have been blowing across the line of the road, sometimes with a 
velocity equal to three miles per hour, and at other times quite calm ; 
temperature varying from 32° to 35°. 

On examining these e.xperiments, it will be seen, that the reduction of 
friction which was anticipated by the adoption of friction wheels, does not 
appear to have been realised ; neither does the reduction in the diameter of the 
axles of Mr. Stephenson’s carriage produce that effect which might have been 
expected. 

Messrs. Summers and Ogle had a patent in April, 1830, for a tubular boiler, 
especially designed for locomotive purposes, which has already been described 
under our article Boiler ; since that period several steam carriages have, we 
believe, been constructed by the patentees, in tvhich their tubular boiler has 
been introduced. We have never seen any of these machines, except the frame 
of one that was constructing at the premises of Mr. Hayne, the engineer, which 
appeared to us to be very ably designed and executed. Three vibrating cylin- 
ders were placed upon it at the back, which were to work a three-throw crank 
on the axis of the running wheels ; and as each of these throws were 120° 
apart, or equidistant in the circle, the conversion of the rectilineal motion into 
rotatory was effected with great uniformity of force. Messrs. Summer’s and 
Ogle’s carnages were, however, seen in action upon many of our public roads 
by myriads of people, and the reports of their performances, in the newspapers, 
were generally of a very flattering description ; hut sometimes of an opposite 
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Description of the 
Carriages. 
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character. It was our intention to have inserted some drawings and descrip- 
tions of them, which we have been promised, but their non-arrival at the time 
we are going to press, obliges us to omit them. In lieu of them we shall here 
insert the inventors’ otvn account of the construction and performance of their 
carriages, as given in evidence by them before a Committee of the House of 
Commons in 1831. 

“ Mr. Nathaniel Ogle examined. — Has (in conjunction with Mr. Summers) 
combined the greatest heating surface in the least possible space with tlie 
strongest mechanical force, so that they work their boiler at 250 lbs. pressure of 
steam on the inch with perfect safety. Their experimental vehicle, weighing 
about 3 tons, has been propelled from London to Southampton, and on the roads 
in the vicinity of Melbrook, at various speeds. The greatest velocity obtained 
over rather a wet road, with patches of gravel upon it, was from 32 to 35 miles 
an hour, and, on a good road, could have increased that velocity to 40 miles. 
They have ascended a hill with a soft wet bottom, rising 1 foot in 6, but at 
rather a slow rate. They have ascended one of the loftiest hills near Southamp- 
ton, at 16J miles an hour. Went from the tumpike-gate at Southampton to 
the 4-mile stone on the London road, a continued elevation with one very slight 

descent, at a rate of 24^ miles an hour, loaded with people Their present 

experimental boiler contains 250 superficial feet of heating surface in the space 
of 3 feet 8 inches high, 3 feet long, and 2 feet 4 inches broad, and weighs about 
8 cwt. The two cylinders communicate by their pistons, with a crank-axle, to 
the ends of which either one or both wheels are affixed, as may be required. 
One wheel is found sufficient, excepting under very difficult circumstances, and 
when the elevation is about 1 in 6, to impel the vehicle forward. Explosion is 
impossible, because the cylinders of which the boiler is composed are so small 
as to bear a greater pressure than could be produced by the quantity of fire 
beneath the boiler ; and if any one of these cylinders should be injured, it 
would become merely a safety-valve to the rest. Have never, even with the 
greatest pressure, burst, rent, or injui-ed their boilers ; and they have not once 
required cleaning, after having been twelve months in use. Work usually at 
a pressure of 247 lbs. on the square inch, but they have worked at a greater 
pressure than that. Always travel with the safety-valve on the left ; when the 
fire is only moderately good, the steam is always blowing off, even up the 
steepest hills. The fuel they use is soft and good coke ; and there is no smoke. 
When going at 10 miles an hour, can stop within a less space than a carriage 
drawn by horses can. Their present carriage has only three wheels ; so that 
the centre or guiding wheel rolls that portion of the road which has been 
hitherto cut up by the action of the horses’ feet. The front wheel is 4^ inches 
broad in the tire ; the two hind ones about 3 inches broader, that the carriage 
can draw double its own weight very well. Has seen nineteen persons upon it 
when going at the rate before mentioned. Thinks the injury done by steam 
carriages not one-half of that which is caused by horse-drawn carriages. Their 
wheels are cylindrical, with flat tires, and 5 feet 6 inches in diameter. Have 
never met with any accident ; not one bolt, not one screw, has ever given way' 
during twelve months, and under circumstances which would have destroyed 
any other carriage. They' have, beyond all question, realized the power of pro- 
pelling vehicles of any weight at any required velocity, and the remaining 
improvements they are engaged in regard slight details merely. Finds from 
experience that the larger the cylinder the better.” 

“ Mr. W. Alltoft Summers, engineer, examined. — Has sqperintended the 
building of two steam vehicles ; the lightest of the two weighed about 2 tons 
10 cwt. Travelled in it when there were ten persons upon it, at the average rate 
of about 9 miles an hour, fiom Cable-street, Wellclose-square, London, to within 
two and a half miles of Basingstoke, when the crank shaft broke, and the car- 
riage was put into a barge and sent back to town. This is not the cariiage, 
however, to which tljp previous evidence of Mr. Ogle refers, nor is it upon the 
same principle, except that the boiler with which it was furnished has been 
transferred to the vehicle described by Mr. Ogle. When going to Basingstoke, 
tried to increase the speed, but were unable to do it, because the size of the 
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engines would not consume the quantity of steam generated. There were three 
cylinders, each 4 inchesTn diameter, and the stroke of the piston in each was 12 
inches ; in the carriage described by Mr. Ogle, the cylinders are 7^ inches each, 
the diameter and the stroke of each is 18 inches. Has travelled in this new 

carriage 15 miles per hour, with nineteen persons on the carriage Has 

no doubt of its being able to carry 3 tons at the rate of 10 miles an hour, 
exclusive of its own weight ; and, after certain improvements which they have 
in view are completed, feels assured that much greater weights may be carried at 
that rate. Has never tested this by experiment, but grounds his opinion on having 
seen the steam blowing off at both safety valves with tremendous violence when 
travelling at the rate of upwards of 30 miles per hour. Has continued travelling 
at the rate of 30 miles an hour miles very frequently, and could have con- 
tinued longer had they not required a fresh supply of water, the tank not being 
quite large enough. Since the last improvement in the furnace, they have 
never found any difficulty, when the fire is in good order, in travelling over the 
worst and most hilly roads. On arriving at the brow of a hill, they throttle or 
wire-draw the steam, in order to check the velocity of the engines ; and when 
they find the hill is so steep that the carriage would run faster than they wish, 
they attach two drags to the hind wheels, and with the foot they press on one 
drag, or both, as may be required, and by that means regulate the velocity of the 
carriage. The' drag does not, however, prevent the wheel revolving ; it consists 
of a kind of iron band, or strap, which goes round a portion of the tire of the 
wheel, and the power of breaking is muldplied by levers to a very great extent. 
Were the carriage to go at the rate of 5 miles an hour only, instead of 10, it 
would be able to carry a much greater weight than 3 tons ; cannot exactly say 
bow much. Has used water of every description, but has never found the boiler 
in the least encrusted. Every time, after arriving at a journey’s end, they open 
a cock communicating at the bottom of the boiler, and perhaps it may be that 
they do not give the extraneous matter time enough to rest. Ib-oved the boiler 
before it was put into the steam carriage at 364 lbs. on the square inch ; it will 
support 740 lbs. Work usually at a pressure of from 240 to 260, which they 
find more economical than any other. The surface of iron expos^ to the fire 
and heated air is 245 superficial feet ; the weight of the boUer is 8 cwt. 2 qrs. 
The iron is about one-tenth of an inch thick. Thin boilers last longer in pro- 
portion than thick ones, because the heat passes sooner through into the water, 
and has not time to act upon the iron. The passengers are placed in front and 
the middle of the vehicle ; the boiler entirely behind the body of the carriage 
and the passengers. Has never had any accident from horses being alarmed ; 
the noise is not so great as that of a vehicle drawn by horses. Considers the 
mode they have adopted of disposing of the waste steam preferable to that of 
Mr. Stephenson. Instead of blowing it into the chimney, in order to cause a 
draft, they have a fan or blower, which is driven by the engines when in opera- 
tion, and this gives intensity of heat in the furnace. The waste steam from the 
engine goes into a double casing round the furnace; they admit a small portion 
underneath the fire-bars of the grate, and allow the remainder to expand 
itself into the double casing, after which it comes over the top of the fire and 
escapes in the form of invisible vapour. Finds this better than throwing the 
steam direct into the chimney to produce a draft; because where this is 
done, the aperture must be so much diminished that the waste steam is choked 
in escaping from the engines, and produces a greater loss of power than is 
required for working the fan. Finds that, when travelling on a paved road, 
and that of a rough description, they do not consume more than the fourth of 
the steam they do on a soft gravelly road. The steepest hill they have ever 
ascended was 1 foot in 6 ; that was the hill at Shirley, for a distance of about 
2M yards. Both the wheels were in gear at the time, and there was not the 
sh^test symptom of their slipping. Ascended it at a velocity of nearly 5 
mules an hour, with fourteen or fifteen persons on the carr^ge. Can stop the 

ve 1 C e within a distance of 12 feet .... The engine is calculated at 20-horse 
power. 

On the 19th of July, 1830, a patent tvas issued to Messrs. Rawe and Boase, 
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of Albany-street, London, for “ improvements in steam carriages and in 
boilers; and 'a method of producing draft.” The specification of their patent 
contains a description, with drawings, of a complete locomotive carriage for the 
common road. 

The boiler is entirely composed of stout wrought-iron tubes, harfing an inter- 
nal diameter of an inch and three-quarters. The length or number of the tubes 
are, of course, arbitrary, depending upon the capacity of the boiler; in tbe 
instance before us, the boiler consists of 12 tubes; each individual tube is bent 
into a spiral figure of three turns, which are of equal diameter or breadth. 

The first spiral tube thus formed, would contain within its cods a cylinder of 
1 foot in diameter ; the second spiral tube is curved in a parallel line to the 
first, but of about four inches greater diameter, so that it wdl lie outside of the 
firs^ and exactly circumscribe it, leaving between the two a space of about an 
eighth of an inch. Each successive tube of the whole twelve is curved in like 
manner, the cods of the whole being equidistant, but the diameter of each 
separate spiral is in succession 4 inches greater than the preceding one. By 
this arrangement, it wdl be perceived, is produced a spirally inclined plane of 
tubes, which are inclosed in a cylindrical case ; at the bottom of this the fur- 
nace is situated, about one foot beneath the lowest ends of the tubes, and 
oceupying the whole area of the circle. The upper ends of the range of tubes 
open into a strong receptacle, being secured in both in a thoroughly steam-tight 
manner, by means of hoUow screwed bolts, wdth nuts and collars, in the follow- 
ing manner : — A small tube is fixed to the end of each of the spiral tubes, and 
each of these small tubes is passed through the receptacle, and the shoulder 
formed by the ends of the large tubes are, with suitable packing interposed, 
brought, by means of screwed nuts, close up to the side of the receptacles : 
these receptacles are strong tubes, elliptical in their transverse section, and 
flattened at their conjugate axes, for the convenience of screwhig up firmly. 
For removing the deposit from the water at pleasure, solid plugs are screwed 
into the ends of the small tubes, which can be taken out whenever required 
for that purpose. By the an-angement described, it will appear that the heat 
from the circular fire, about 4 feet 6 inches in diameter, impinges vertically 
upon a similar extent of the boiler above ; thence ascending the current 
winds round between tlie coils of the inclined plane of tubes, which form- 
ing the flues as well as the boiler, the heat is abstracted in its progress, by an 
economical consumption of fuel, through the small spaces between the con- 
centric spirals, the heated air and flames escape out of the spiral current, and 
by completely enveloping the tubes, materially augment the production of steam. 
To increase the combustion, an exhausting fan-wheel is placed immediately over 
the boiler, revolving on a vertical spindle, which passes through the centre of 
the boiler and flirnace, and is actuated by suitable gear put in motion by the 
engine. To avoid the inconvenience that nught be experienced from the escape 
of the gaseous products of combustion upwards, the patentees propose to dis- 
pense with the use of a chimney, and by enclosing the upper part of the 
fan-wheel, and surrounding the boiler with an external casing, cause the 
vapours to pass downwards against the ground, underneath the vehicle. The 
patentees likewise propose to force a mixture of liighly rarefied steam and 
heated air through the ignited air in the flirnace along a pipe, that makes 
several coils around the ash-pit, before entering a chamber immediately beneath 
the great bars ; into this chamber by another pipe is also mtroduced steam, 
the mixed air and steam fi-om this chamber proceed through a series of short 
vertical tubes and the hollow bars of the grate, and thence through certain 
perforated nozzles into the fire in minute jets. 

In the centre of the boiler is situated the float chamber; this is of a cylindrical 
form as far as the boiler extends ; but the lower portion, which passes through 
the ftimace, and the bottom of the grate, is tapered off to a reduced diameter, 
making the figure oT an inverted frustrum of a cone ; to the lower end of this 
vessel is screwed an iron cap, and the upper end is closed in like manner ■ 
passing through both these caps and the mindle of the chamber, is a straight 
piece of tube fixed “stanch ’ to the caps by screwed nuts and packing, "nus 
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tube is left open on the outside of the vessel at both ends, and through it passes 
the vertical spindle of the fan-wheel, at the lower ends of which is a spur 
wheel, to which the motion is communicated. By this tubular passage, there- 
fore, the central situation of the float chamber becomes no impediment to the 
last-mentioned operation, and the tube itself serves as a guide for the float in 
its ascent and descent. The float is a hollow air-tight copper vessel, having 
an opening, to let the tube pass to its centre,To which it is kept by a vertical rod 
(fixed to the bottom of the float) that passes through a stuffing-box in the 
lower cap, beyond which it is connected to a lever that operates upon the 
steam-cock of the engine, by which the pump is worked that feeds the supply- 
pipe. 

Water being forced by the lower receptacle of tlie boiler, it flows through 
apertures in the short tubes into the lower ends of the spiral tubes, where ebul- 
lition takes place, and the water mixed with the steam is driven upwards through 
the spiral sheet of tubes. The inclined position of these tubes gives the water 
a tendency to flow back under the steam ; that which is forced on decreases 
as it ascends, by' being converted into steam ; on arriving at the upper recep- 
tacle, the steam, together with a small portion of water, enters the float cham- 
ber, where the water falls to the bottom, and supports the float, while the steam 
passes into the steam-pipe. When a greater quantity of water is accvunulated 
than is evaporated in the float chamber, a rise of the float wiU be produced, 
and a proportionate decrease in the quantity of water pumped into the boiler, 
occasioned by the communication of the float with the steam-cock of the engine. 
By tliis arrangement it will be noticed that the float chamber is also the “ sepa- 
ratory,” the upper portion constituting a steam reservoir, and the lower portion, 
which is in the centre of the fire, serves as a supplementary boiler. The steam 
pipe commences at the top of the float chamber, and is carried down by the 
side of and in contact with the inner casing, and also three or four times round 
the furnace chamber ; forming a protection to the casing, while the steam 
derives, in consequence, an increase of expansive force. 

The whole of the frame and engine is supported upon springs, and to allow 
of their application to the driving cranked axle, two strong rods are used, each 
of which is firmly jointed at one end to the frame, and attached at the other 
end to the cranked axle by bearings, by which the frame is allowed to rise and 
fall. The guiding operation is produced by means of a little wheel running 
behind (but centrally between) the two fore wheels, acted upon by a system of 
levers moved by the steersman. The apparatus consists of two rings of iron, of 
equal diameter, turned tndy to each other ; to the lower ring is attached by brass 
bearings, the axle of the guide-wheel, and a branch iron proceeds from the front 
of the upper ring to the axle of the two fore wheels, where it is connected by two 
joints, that allow the guide wheel and its bearings to rise and fall freely, but 
prevents its side motion without moving the two fore wheels. By turning two 
han^es opposite to the steersman’s seat, a vertical spindle communicates the 
motion to cross levers below, which acting upon two rods connected thereto, 
and to the opposite sides of the imder horizontal ring, the latter traverses under 
the upper ring, (which has no horizontal motion) and sets the guide-w heel to the 
required angle to the line of motion to make the turn in the road, in the same 
manner as setting the rudder to the stern of a boat. In the drawdng of the 
carriage on the opposite page, those parts that are brought into view, considered 
in connexion with the foregoing description, will afford the reader a pretty correct 
notion of the general structure. The engines are situated in a case underneath 
the carriage body ; one of them is shown dotted in at a, which with its piston 
rod and connecting rod b gives motion to the cranked axle of the running wheels 
a of the carnage. To stiffen the wheel, there is a stout iron ring bolted to the 
inside of the spokes, and having arms communicating with a central piece that 
IS ed to the nave. The boiler e is bolted to a strong iron framing, and is 
contained in a double case ; the angular dotted lines aeftss it represent the 
mcunations from a vertical line of the spiral sheet of tubes ; and the dotted 

esin e centre are intended to express ( which thev do but imperfectlv) the 
pn.i ion an ai rangement of the float and steam chamber ; f is the guiding spindle 
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and g the steering wheel, sun-ounded by its two traversing rings, the upper ring 
being attached by a cuiwed iron arm to the fore axletree, and the lower one 



to the axis of the steering wheel. Between the transit irons of the fore wheels, 
and the bar to which the guide-wheel is attached, there is a strong spiral spring, 
acted upon by a screw, to regidate the pressure, 
according to the state of the roads. 

A patent was sealed on the 31st of August, 

1830, for “certain improvements in locomotive 
carriages,” by Mr. John Hanson, of Hudders- 
field, in Yorkshire. The objects of the patent 
are twofold ; that of communicating the power 
of the engine fi-om the crank axle to the four 
running wheels, by means of pitched chains and 
wheels ; and that of applying a ball and socket 
to the ends of the running wheel axes, inside 
the naves, so as to permit the wheels to roll in 
an inclined direction, as well as parallel to the 
sides of the carriage, in order that they may 
roll more easily over curved portions of the 
road. 

In the first-mentioned division of the patent, 
we can discover nothing that is new in prin- 
ciple, or better in detail, than what every 
mechanic is familiar with ; we therefore omit 
further notice of it in our condensed treatise. 

The second-mentioned claim of invention pos- 
sesses some novelty, and is not without merit ; 
accordingly, we give it a place here. In the 
annexed cut is represented a vertical section of 
one of the wheels ; a is the axis, terminated by 
a spherical ball h, into which is fixed a stout pin c, 
that comes against a stop in the interior of the 
nave or box tf, and causes the wheel to revolve 
with the axle. The wheel is kept at pleasure 
in the vertical position, by means of a frame, 
not shown in the drawing ; and this frame is 
placed under the »control and management of 
the steersman, who sits in front of the carriage, 
and who, by means of connected levers, inclines 
the frame to the right or left, and thus causes 
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the wheels instantly to assume the same position, and make the deviating comse 
required. It is obvious that a common axis would not effect this operation ; 
and there is, perhaps, no better mode of attaining the object of the patentee, 
than the one he has adopted. The ball, it will be seen, has sufficient play by 
letting one side turn against a conical piece e, formed spherically on its inner 
edges, and bringing out a boss / from the outer plate, having at its end a 
concavity, which fits the sphericity of the ball ; and as these opposite cavities 
maybe made to recede or approach, by means of the screw-bolts^^, nhich 
connect them, they thus afford ready means of adjusting the surfaces, so as to 
make the axis work pleasantly. 

Some improvements in the construction of wheels for railway carriages were 
patented on the 31st of August, 1830, by Mr. Win. Losh, of Bentom House, in 
Northumberland, a gentleman whose experience and knowledge in matters of 
this kind entitles his suggestions to the attention of the public. 


Fiff. 1. 2. 


Fiff. 3. 





The nature of this invention will be at once understood from inspection of 
Figs. 1 and 2, where a a a a represent the tire and flags of a wrought-iron 
railway wheel ; bbbb spokes which are to be made dove-tailed at one end, and 
cast into the nave e, as shown in section at c‘e, Fig. 2. The other end of the 
spoke has a right angular crank bend, as shown at ff f, Fig. 1 ; being carried 
round the circle to the next spoke ; and thus each spoke and its adjoining 
felloe are made of one piece of iron. By means of the crank bend at the end 
of the spokes, one felloe is permitted to pass over the end of another, and at 
this double part they are securely fixed together by strong screws, as shown by 
dotted lines. Tire tire, which is formed in passing finally through the rollers 
at the iron works, with a recess for the felloe, and a ledge to keep the carriage 
on the railroad, as represented at a a; and it is to be heated and fitted on the 
wheel in the usual manner, that it may contract and firmly grasp the wheel 
when it contracts in cooling. The ends of the spokes, too, must be made hot 
before the nave is cast upon them, that the junction of the two metals may be 
the more perfect. It is stated that it may be sometimes found more convenient 
to weld several pieces of iron together than to bend one piece twice at right 
angles. It is likewise stated that the spoke may be sometimes with advantage 
welded on the middle of a piece extending along a ring constituting the felloes 
in both directions. 

Messrs. W. G. and R. Heaton, of Birmingham, have built several steam 
carriages which have operated with various degrees of success in their own 
neighbourhood. Their patent is dated the 5th of October, 1830. The 
complicated nature of the machinery exhibited, in the specification of this 
patent, renders it quite impossible to make it fully understood without a series 
of drawings, and a detailed description, for which we cannot find room in this 
article. We shall therefore confine ourselves to an outline of the methods 
which the patentees adopt to accomplish the object they have in view ; that of 
guidance of a locomotive carriage, and the management of the steam apparatus. 
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that the power 'and speed may be accommodated to the nature of the road, 
the quantity of the load, &c. For the purpose of steering the carriage, av’ertical 
spindle is placed at some distance before the axle of the front wheels, and on 
its lower end a small drum is fixed Around this drum is coiled a chain with 
its middle fixed upon the drum, and its ends made secure to the front axle at a 
considerable distance from the middle, so that the chain and axle may form a 
triangle with the drum, situated at the angle opposite the longest side. The 
other end of the vertical spindle is connected with a frame situated in front of 
the coachman’s, or rather the steersman’s seat; and here is fixed upon the 
spindle a horizontal beveled-toothed wheel. Over this wheel an axis extends, 
terminated in two crank handles proceeding from the axes in different directions, 
so that one will be down when the other is up ; and upon this axis is fixed 
another beveled-toothed wheel taking into the first. Now it is evident when 
these wheels are turned in one direction the right-hand fore wheel of the 
carriage will be advanced, and the coach will be turned towards the left, while 
if they be tnrned in the other direction, the left-hand wheel will be advanced, 
and the carriage will be turned towards the right. This plan of steering will 
be immediately recognised by our readers as the same with that ^adopted by 
Mr. James. 

The driving wheels, or those to which the power of the engines is to be 
applied, are connected with the axle by means of a pair of ratchets fiirnished 
with a double set of ratchet teeth and a reversing pall. By this contrivance 
one wheel can be advanced or backed while the other is stationary, or moving 
in a contrary direction ; an arrangement which becomes necessary in the act 
of turning and backing. The means of acting upon the reversing paR is 
brought within the reach of the steersman by means of a set of connecting rods 
and lever. 

Motion is communicated to the driving wheels by a double set of spur 
wheel gear, arranged to give different powers or velocities, by having both a 
large and a small wheel fixed on the driving as well as the driven axis. By 
shifting the large wheel on the driving axis into gear with the small wheel or 
the driven axis, speed is obtained ; and by shifting their relative position till the 
small wheel on the driving axis comes into gear with the large wheel on the 
driven axis, power is obtained at the expense of speed. These two axes are 
kept at the same distance from each other by means of connecting rods, 
notwithstanding the relative position may be changed by the motion of the 
carriage on rough roads. 

These patentees do not claim novelty in any one of their arrangements in a 
detached form, but only the combination of the whole, as they have described 
them in their specification. A principal merit of the arrangement seems to be, 
that all the adjustments are brought within reach of the man having the guid- 
ance of the carriage. 

An American inventor communicated to Mr. Gillet of Birmingham a new 
modification for a carriage or waggon, for which the great seal was obtained 
on the 4th of November 1830. The invention consists in the adaptation of the 
wheds of carriages to what has been called a perpetual railway. It is formed 
by a circular rib or rail placed round the interior of the felloe of the wheel, 
upon which circular rib a small wheel with a grooved periphery is intended to 
run, which small wheel bearing its portion of the burthen of the carriage, 
by running upon a smooth even surface, it is presumed will greatly facilitate 
the progress of the carriage, when the larger or running wheels pass over heavy 
or uneven ground. In the annexed cuts are represented by Fig. 1 a side 
elevation of the large running wheel, and the situation of the smaller one that 
runs on the. inside of its felloe ; and /%. 2 shows a sectional end view of two 
such wheels, with their little companions, applied to a tram waggon ; a a is a 
large wheel of a common description, and turning loosely (with considerable 
play) on the axle* h b, which is made in the form represented to obtain 
considerable strength, and having strong curved arms which form the axes of 
the little wheels c c ; these are grooved on their peripheries to fit the circular 
edge railways tl d, fixes inside the felloes of the large wheels. The patentee 
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states that “although the running wheels will pass over the ground as in 
ordinary carriages, yet the weight of the carriage and its burthen is home by 


Fig. 2. Fig. 1. 



the small wheels, and consequently, through the large running wheels should 
pass over soft, wet, or uneven ground, the wheels which actually bear the 
weight, and upon which the carriage travels, move upon a smooth, even 
perpetual railway on which there is little or no resistance.” The patentee, 
however, omits to notice the obvious fact, that the little wheel does not assist 
the great wheel out of the mire, hut rather tends to sink it deeper by reason of 
its weight and the heavy incumbrances it entails, to say nothing of the extra- 
friction caused by an unnecessary increase of rubbing surface in the multiplied 

“ This contrivance,” the patentee adds, “is equally applicable to the wheels 
of any kind of carriage, and is only shown in the drawing as adapted to a tram 
waggon for the purpose of illustrating its peculiar construction and adaptation.” 
A similar invention was patented by Mr. George Hunter of Edinburgh in 1826. 

Messrs. Bramley and Parker, of Moulsley Prior)', in Surrey, received patent 
grants for their improvements in locomotive carriages, applicable to rail and 
<)^er roads; which we shall very briefly describe, as they do not appear to us 
likely to become of much practical utility in the present state of the art of 
locomotion. The improvements contemplated are of three kinds. The first 
consists of a carriage to be propelled by horses, working a pair of tread-wheels ; 
the second of a light carriage to be propelled by one or more men, resting with 
their chests on cushions, and communicating motion to cranks by pushing out 
with their feet, as in the act of swimming ; the third consists of an arrangement 
tor preserving the box of the wheel on the end of the axle. The latter plan is 
very deficient in novelt)- ; the other two are modifications of many similar 
propositions to obtain mechanical force from animal agency ; but we cannot 
^reewith the ingenious patentees that they are “ certain improvements.” The 
of these inventions, with the amusing illustrative drawings, may be seen 
at the “ Six clerks’ office ” in Chancery-lane. 

Mr. Gordon^, in his Treatise on Locomotion, page 58, states, that in the beginning 
of the year 1831 the directors of the Monkland and Kirkintilloch railway, near 
Glasgow, directed their engineer to make out a plan and specification of two 
ocomotive^gines, able to drag 60 tons gross weight at the rate of 4 or 5 miles 
J accordingly, and the engines contracted for by Messrs. 

Murdoch and Aitken engineers. Hill-street Glasgow, who brought the first 

temL il " ^ “Poa Ae 10th of Sep- 

th?fir,t engines travelled several miles upon the railwa^ 
durine- a mni- the yard at Glasgow, and have since, 

engines of tbo\° c'g^teen months’ trial, proved themselves the most efficient 
ind ever made in the kingdom, being capable of taking 10 tons 
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more on a level railway, than any engine yet made of the same size of cylinder 
with a pressure of 501bs. to the square inch upon the boiler. The line of railway 
on which these engines daily travel is one of the very worst description for the 
effectual working of such engines, being 8i miles in length, with numerous 
abrupt cun'es and descents. The descents are 1 in 50, 1 in 116, 1 in 120, &c. ; 
the curv'es are of a radius of 344, the arch 335 feet ; radius 400 feet, arch 650 ; 
radius 700 feet, arch 545 feet, &c. The descents being in favour of the load, 
the bringing up the empty waggon is considered the heaviest work, yet one of 
these engines has frequently returned from Kirkintilloch, where the railway 
ends, with 50 empty waggons, in the ordinary course of trade, the weight of 
which being about 60 tons ; but when loaded, they carry a gross weight of 
about 200 tons. The daily load of engine, is from 20 to 50 loaded waggons, 
according to the circumstances, and trade occurring on the road. One of the 
great improvements on these engines is, the metallic packing of the pistons, 
which are the first of the kind ever used, and of such a description, that the 
2 engines have not cost one shil'ing in 18 months for packing, and use neither 
grease nor any other unctuous substance whatever for the cylinders, since their 
commencement : another, and perhaps the greatest advantage of these pistons, 
is the economy of labour, the reduction of friction, and the saving of fuel 
thereby effected, the area of the fireplace being just 4 feet, or one-half of the 
size of that in the Liverpool engines. These pistons are each formed of two 
iron rings in three segments ; a wedge between each segment is pressed by' a 
spiral spring. 

In the report by the directors of the Monkland and Kirkintilloch railway, to 
the proprietors at their general meeting on the 1st of February, 1832, these 
engines are noticed in the following manner: — “Your committee have, as 
mentioned in last year’s report, built two locomotive engines, which have been 
in employment on the railway for nearly six months, and the whole of the trade 
from the coUeries to Blirkintilloch is now drawn by these machines. The com- 
mittee, after much consideration, devolved the whole form and plan of these 
engines to Mr. Dodds, the superintendant. It was strongly urged by some of the 
proprietors that these engines should be got from England, and that the im- 
provements of the engines adopted on the Liverpool railway should be intro- 
duced in constructing those for the Company'. On inquiry, however, no certain 
data could be obtained whereby to calculate what would be the expense of 
maintaining in repair such improved engines ; and it was also ascertained that 
they were very liable to be deranged, when working at the high speeds for 
which they are calculated. For these reasons, the committee devolved on 
Mr. Dodds the entire responsibility of the planning of the engine, and the 
result of their confidence has been in the highest degree satisfactory. Mr. Dodd‘>, 
in his plan and specification, adopted none of the recent improvements, except 
that of the copper tubes, suggested by Mr. Booth, giving however a great 
additional strength to these tubes. The contract for making the engines was 
taken by Messrs. Murdoch and Aitken, Hill-street, Glasgow, and the committee 
are satisfied with their performance, except as to the time taken by them in 
furnishing the second engine. This is no small praise, considering they were 
the first locomotive engines constructed in Glasgow. 

“ The excellence of Mr. Dodds’ plan and specification,'so far as’several months’ 
trial can be considered a proof, is most satisfactory, as the engines have never 
been one day off work, except on two occasions, when injured by the malice or 
carelessness of certain waggoners on the road. On the other hand, the engines 
procured from England, by an adjoining railway company, (the Gamkirk,) have 
been repeatedly taken off the road, on account of needing repairs, &c. Since 
the date of this report, these engines have done all the trade to Kirkintilloch, 
and other places, for another year, and have not been off one day, or employed 
a single horse to assist them. These are facts, and the best criterion whereby' 
to judge of their i?al performance, or to make comparison between them and 
other railway locomotive engines. 

The cut on the following page is a view of this engine, with the tender 
attached. The connecting-rod between the two wheels has a hall uiid socket- 
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joint at each end, making universal joints. The wheels have a play of about 
one inch, to allow for turning in the above mirve. The cylinders are 10 J inches 



diameter each, and the stroke is 2 feet ; pressure of steam, 50 lbs. The average 
speed of these locomotive engines, is now 6 miles per hour ; the regulation is 5 
sometimes even double the regulated speed. 

1 *' j February 1831,” observes Mr. Gordon, “ Mr. Gurney having com- 
pleted three steam carriages for Sir Charles Dance, that gentleman commenced 
runnmg one regularly on the road betwixt Gloucester and Cheltenham, and 
continued so to do, constantly and successfully, for four months, until he (dis- 
gusted with the opposition) withdrew his coaches.” These steam carriages 
were employed as drags, to draw after them the passengers contained in a light 
cam^e of the omnibus kind. One of these drags has been figured in a litho- 
^apmc plate, by Mr. Gordon, of which the following cut is an outline ; from 
^ it appears that the “ in^spensable ” separators, are entirely dismissed, 
e proportions of tms machine give it an elegant and a light appearance. 
,1 ’ however, having been stated to be only two tons, it was brought to 

tons * T^' ^„^®*Shbridge at Cheltenham or Gloucester, and found to be three 
UDoii aiipT>* = little importance, except as it afiects calculations founded 

tradictorv public mind has indeed been so abused by con- 

y ments on this, as well as other points respecting these machines, 
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that it is scarcely possihle to extract the truth. Befuie the Committee of the 
House of Commons in 1831, Mr. Gurney stated that his first carriages weighed 





four tons each; but this fact did not prevent his “scientific friend,” who had 
“ scientifically investigated ” it, from stating in the “ Times ” newspaper, that 
“ the whole carriage and machinery weigh about \6cwt., and with the full comple- 
ment of water and coke from 20 to 22 ewt.” Mr. Gurney further states in his 
evidence — “ Tlie carriage which ran between Gloucester and Cheltenham weighs 
(by a letter from a magistrate, produced to the Committee,) nearly three tons ; 
it ought to weigh only 45 cwt. ; if it weighs three tons, there is extra weight, 
of which I know nothing. Those carriages at Gloucester were built principally 
under the superintendence of another person. I think it is possible to reduce 
the weight considerably as improvements go on.” We must here make a brief 
digression, to state that we understand the three carriages were built and painted 
exactly alike, so that the public should not know how often they were changed ; 
hence, we have recorded in print by our contemporaries, “ a tabular view of 
315 journeys performed by a steam carriage.” The “another person,” alluded 
to by Mr. Gurney, was that very able engineer, Mr. Stone, who was Mr. Gurney’s 
foreman, and superintended all the products of his manufactory. As respects 
the matter of the weight, which Mr. Gurney thinks it possible to reduce, we will 
just place before the reader, the evidence of Mr. Wm. Crawshay, jun. on 
this point. In the “ Cambrian” newspaper, and dated Cyfaithfa Iron Works, 
18th March, 1830, this gentleman says_to the editor of the “Cambrian:” — 

“ Sir, — As I have reason to expect that a report will be sent to you of the 
arrival of Mr. Gurney’s steam carriage at my father’s works at Hirwain, and 
of the experiments made of its powers on a railroad there, I think it better to 
inform the public (now so much interested in the subject of steam conveyance) 
through jmur medium, of the actual facts that have been witnessed in the 
experiments made, and under what circumstances.” 

“ Mr. Giwney, at my most earnest request, while I was in London three 
weeks since, consented to bring one of his steam carriages which had been 
built and adapted for drawing coaches on turnpike roads, to try her powers on 
our new railroad onrflirwain Common.” Mr. Crawshay then proceeds to state 
that “ he bad considerable difficulty in persuading Mr. Gurney to accede to his 
wishes however, the latter gentleman at length consented to gratify the inte- 
rested public ; and the engine was sent from London to Cyfaithfa by horses, and 
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there fitted with cast-iron wheels, and otherwise adapted to the railroad. Thus 
prepared, “ the engine, with water and fuel,” Mr. Crawshay says, “ weighed 
thirty cwt. !” so that if we admit Mr. Gurney’s evidence, and Mr. Crawshay’s 
“ actual facts ” to be both true, we must be prepared also to believe that the 
substitution of cast-iron wheels for wood, and the addition of' the charges of 
water and fuel to a carriage previously weighing about 3 tons, must have been 
the cause of the extraordinary reduction of weight mentioned. After stating this 
“ actual fact,” Mr. Crawshay makes out a statement of the weight attached to 
the engine being 20 tons. 8 cwt. 2qr3. (the pounds and ounces are omitted.) 
Having “ faithfully detailed ” the particulars of this and other experiments of 
greater magnitude, this eminent iron-master states, that “ in all the cases named 
Mr. Gurney’s engine has drawn from 15 to 16^ times its own weight.” 

Now, if we could exclude &om our minds all idea of the foregoing pheno- 
menon, and were, for argument’s sake, to suppose that Mr. Gurney’s evidence 
was on this point correct, does not the “ actual fact ” data become actually 
fictitious? and hence, are not the deductions actual farces? Perhaps Dr. Lardner 
or Mr. Alexander Gordon will help us out of the dilemma in which these accounts 
have placed us. We are anxious only that the unalloyed truth shall be told. 
(Note. — Mr. Gurney, upon being asked by the Committee of the House of 
Commons, “ What is the greatest weight in proportion to its own weight, which 
any carriage draws on a railroad?” replied, “A carriage was originally supposed 
to draw only three times its own weight upon a railroad ; but in some experi- 
ments which 1 made in W ales with Mr. Crawshay, of Cy faithfa Castle, we found, 
in an experiment, that a carriage draws thirty times its own weight f”) 

The valuable testimony of Mr. Crawshay, just noticed, was so highly prized, 
that we find another was boastingly published in the following year, from the 
same gentleman, and addressed to Sir Charles Dance. It is dated, Cyfaitbfa Iron 
VVorks, 23d February, 1832. We regret that our space will onl^ allow us to 
give the following brief extract, which, however, relates to the mam point : — 

“ As, however, facts of past performances of any kind are more satisfactory 
than anticipations of the future, I beg to state to you, that in the past twelve 
months, between the Ist day of January 1831 and the 1st day of January 1832, 
tile locomotive engine which I bought of Mr. Gurney, weighing only thirty-^ce 
hundred-weight, including every thing whatever belonging to it, with water and 
fuel in a working state, conveyed 42,300 tons of coal, iron-stone, and iron, exclusive 
of the carriages on which they were drawn, the distance of 2J miles upon our rail 

Hirwain, in journeys of from 20 to 30 tons, as suited our convenience ; during 
which time the entire consumption of coal was 299 tons, which, at 3s. per ton, 
amounts to 441. 17s. ; the wages of the engineer 52/., and those of the boy 
15/. 12s. together, exclusive of the trifling repair of the engine, and the oil and 
other little matters required for its use, 112/. 9s., or less than one farthing per 
ton per mile, for the goods conveyed ; and I must not omit to observe to 
that had there been nearly double the work to do on this road, the engine 
would have done it with little or no increased expense, as she was invariably 
working idle for the purpose of keeping the boiler full, about one half of her 
time. ’ 

To readers who do not calculate, this statement appears highly flattering; but 
a very little investigation will, we think, show it to be the reverse. Let us first 
look to the horse-power exerted by the engine ; if we take the usual estimate 
of horse-power at 150/ constant force, at 2i miles per hour, and estimate the 
resistance of the Hirwain railway, which is upon a dead level, and has been 
lormed since that of Manchester and Liverpool, at the same resistance as that 
on the latter, which is J-^th of thejnsistent weight, we have 150 X 240 X 8 hours 
X 310 days ~ 89,280,000 lbs. -— 2240 = 39857 tons drawn by on,e horse in the 
year. It; however, we take the estimate of a horse’s power, made by Mr. Bevan, 
(whose results are much more entitled to confidence than those of any other 
experimentalist, on account of the much more extended scale of his experi- 
inens,) we shall have 163 lbs. as our datum for a horse’s power, (being the 
exerted by each horse out of 144 at ploughing ;) and this increased 
s ma e we find makes the number of tons drawn by one horse's power 
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43,311 in 310 days of ordinary work. This powerful engine, therefore, did tlie 
work of one of Mr. Bevan’s horses. Let us next examine its economy in the 
consumption of fuel, as compared to other locomotive engines. Mr. Crawshay 
says that 299 tons of coal were consumed in drawing the 42,300 tons ; as to 
the price of the coals, the wages, and the waste by idle work, the same circum- 
stances attend other engines on other railroads, and can only affect this Calcula- 
tion by unnecessarily mystifying it; we shall, therefore, not notice them. 
Now 42,300 tons conveyed 2i miles, are equal to 105,750 tons conveyed one 
mile ; and from some experiments made on the Manchester and Liverpool 
railway, it was found that about ten ounces of coal were sufficient to convey one 
ton one mile. But after making every allowance for waste, Mr. Wood, in his 
Treatise on Railroads (see page 405) considers 1 lb. adequate to each ton ; 
consequently, the 105,750 tons conveyed one mile by Mr. Crawshay, ought to 
have been taken (at 1 lb. per ton) by 47 tons of coal, instead of the 299 tons 
consumed by Mr. Gurney’s engine. Mr. Gurney’s improvements in railway 
locomotion, therefore, consist in rendering the cost of fuel six times greater 
than it was previous to this notable experiment, which has gone the round of 
all the journals, and, we believe, hitherto, without comment ! 

The friends of Sir C. Dance state, that his carriages were stopped from running 
between Gloucester and Cheltenham owing to there having been 9 or 10 inches 
depth of rough stones laid across the road, at the instigation of the horse 
coach proprietors ; and that, although the power of the engines was sufficient 
for fair average roads, they were “ not powerful enough to travel satisfactorily 
on a road so treated ; but Sir Charles Dance had seen sufficient to convince 
him, that little more power than what he possessed would be sufficient to 
overcome all the obstacles of common roads ; he did not therefore desert the 
cause, but continued his inquiries and experiments, daily becoming better 
acquainted with his subject, and yet not so well satisfied with himself, but that 
he became desirous of consulting practical experience, and this brought him 
acquainted with Messrs. Maudslay and Field, whose practical skill, aided by 
Sir Charles Dance’s information, enabled them to fit up one of the old carriages 
in such a manner, as to show results far greater than any thing which had before 
been accomplished by steam carriages upon common roads.” This alludes to a 
journey to Brighton, the particulars of which we cannot insert, but they are 
given by Mr. Gordon in his Treatise. The connexion between Sir Charles 
Dance and the engineers just mentioned led to the taking out of a patent in 
1833, which we shall notice in its proper place. 

The specification of the patent granted on the 4th March 1831, to the 
Messrs. Napier, of London and Glasgow, shows, that those gentleman, 
notwithstanding their unquestionable ability as practical engineers, were but 
indiflferently informed upon the progress of invention in locomotion. They 
describe their improvements to consist, “ First, in communicating the power of 
the engine or engines for propelling the carriage to the wheels, by means of a 
belt, strap, or band, made of leather or airy other suitable material, and which 
belt, or band, works upon two pulleys or drums, the one fixed upon a shaft 
connected with the engine or engines, the other fixed upon, or connected with, 
the axle or wheels of the carriage ; more than one of which belts may be 
used if necessary. ’This wiU be better understood by reference to the cut on the 
next page, a is a horizontal steam boiler, with an hemispherical end ; at i’are 
the two cylinders of the engines working horizontally, and fastened upon the 
boilers ; c c is the framing of engines, which is also fastened to the boilers and 
engine cylinders ; d connecting rod of engine ; e the crank shaft of engines, 
upon which is fixed the pulley or drum f, from which pulley the strap g com- 
municates ^the power of the engine to the pulley or drum h, which in the 
present case is fixed on the middle of the wheel axle i ; k k the hind wheels 
of carnage ; 1 fore wheel of carriage, which turns on a circular plate for the 
purpose of guiding the carriage on the common roads. The boilers and engines 
being firmly fastened together, thus forming one entire piece, is suspended by 
springs n n n, from a frame work o o, resting upon the wheel axles of the 
carriage, and having no connexion with the said carriage or frame-work, but by 
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springs, and belts or bands. It is thus freed from the severe jolts and shakes 
of the road, which are so injurious to machinery.” 



The above arrangement is applicable to common or turnpike roads, and may 
be easily altered to be suitable for railways. The patentees lay no claim to 
this or any other arrangement of the parts of the machinerj', but merely 
to the application of the belt, straps or band, made of leather, or any other 
suitable material, with either cylindrical or conical pulleys or drums, to com- 
municate the power of the engine or engines to the wheels of carriages. 

The specification likewise describes some varieties of a cylindrical boiler 
made with a longitudinal central flue, terminating in an hemispherical chamber 
or cap, covering the whole of the end of the boiler ; from this chamber the 
heated gases are compelled to return through a series of smaller tubes to the 
front end of the boiler, whence they are conducted to the chimney. 

We have already described, at page 477, a patented improvement by 
Mr. Robert Stephenson on the axletrees of railway carriages. At the period 
we are now treating of, another invention, from the same celebrated engineer, 
presents itself to our notice ; it is dated the 11th of March 1831, and is entitled, 
“ Improvement in the axles and parts which form the bearings at the centres of 
wheels, which are to travel upon edge railways.” 

In order to produce rotation in the wheels, and consequently progression of 
locomotive carriages, it is necessary to fix the wheels on the ends of the axles, 
and when this fixture is effected in the usual manner, the weight of the car- 
riage and its contents is supported by concave bearings resting on the upper 
surfaces of the cylindrical ends of the axles, and hence arises a difficulty in 
keeping the rubbing parts constantly lubricated, as the oil supplied to the parts 
in contact will have a tendency to escape by its gravity to a more open space 
on the lower sides of the axles ; and the consequence of this is, considerable 
waste of oil, with an imperfect lubrication. 

To remedy this, Mr. Stephenson employs for each pair of wheels, a double 
axle, consisting of a hollow casing, on the extremities of which the^^wheels are 
firmly fixed, and a solid axis passing through the hollow casing, and supporting 
on its ends the weight of the carriage, through the medium of hollow tarings 
attached to springs of the usual construction, which connects the bearings with 
the side rails of the carriage, placed necessarily on the outside of the wheels. 
Thus the supporters or wheels being fixed to the concave parts of the bearings, 
and the supported weight or carriage being connected with the convex or solid 
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part of the bearinge, the oil will have a tendency by its gravity to accumulate 
on the rubbing parts, and thus combine a perfect lubrication with an economical 
supply of lubricating material. 

The solid axles are made thickest near their extremities, so that the parts which 
pass through those portions of the hollow axles which are fixed into the naves 
of the wheels, and at the same time the apertures of the corresponding parts of 
the hollow axles, are diminished, both being turned perfectly cylindrical, that 
they may be fitted together with facility, and come into contact only where the 
bearings are intended to take place. 

In September 1831, Mr. G. H. Palmer, of Manchester-street, Grays Inn 
Road, took out a patent for a variety of improvements appertaining to locomotion, 
which we shall proceed to notice. 

The abstract parts of the engine and boiler which he claims as being novel 
either in principle, or as regards their peculiar modification, are, — ^ 

First, The self-regulating blast apparatus, by which the quantity of fuel to be 
ignited in a given time is governed, in order to insure the generation of a volume 
of steam, suited precisely to all the variable speeds and powers of the engine. 

Seconiy, The steam calorific self-adjusting apparatus, which acts in conjunc- 
tion with the blast regulator, and is so contrived as to lift the weight from the 
lever of the safety valve, and permit the steam to escape from the boiler should 
the aforesaid apparatus fail of instantly checking its evolution. 

Thirdly, The self-acting safety apparahis, bj' which the security of the boiler 
is insured, should the apparatus for supplying it with water fail in its effect, so 
that in the event of the water in the boiler being reduced below a determined 
level, the process of combustion will be instantly suspended, and the boiler pro- 
tected from injury. 

Fourthly, Making the products of combustion evolved from the furnace 
escape into the atmosphere below the level of the furnace bars, which will most 
effectually prevent the admission of atmospheric air into the furnace, excepting 
that portion which the blast and calorific regulating apparatus penults the 
blowers to project upon the fuel undergoing combustion. 

Fifthly, ^e pipes leading from the opposite ends of the horizontal part of 
the boiler, are designed to convey the water (which must be distilled) most 
remote from the direct action of the furnace, to replace that portion which may 
be carried to the upper part of the boiler by the great volume of steam gene- 
rated between the two concentric cylinders. 

Sixthly, To insure a length of stroke in high pressure engines, and that 
without increasing the diameter of the piston rods beyond that which is required 
to withstand the alternate tug and thrust ; and without resorting to the very 
objectionable short stroke and piston rod of so large a diameter. 

Seventhly, The slide valves, with their various modifications, requiring neitlier 
casings nor stuffing-boxes, the patentee claims as perfectly novel ; the action of 
these being seen, admit of mathematical adjustment, and enables the engineer 
instantly to reverse or stop the engine at pleasure. 

Eighthly, For a modification of the crank and beam intended to supersede 
the use of a beam of the usual weight and dimensions, paraDel motion, cross 
heads, and costly fittings and bearings connected therewith. Tliis mode of con- 
verting the reciprocating into the rotative motion, the patentee says, “ accom- 
plishes the grand desideratum of making one cylinder produce a more regular 
and equalized motion than can be accomplished by two cylinders when used to 
give motion to locomotive engines or paddle wheels.” 

Ninthly, The condensation by which highly elastic steam of any temperature 
may be converted into water, without the application of injections, or by the 
extension ol' surface by making the cubic contents of the condensing chamber 
equal to the number of cubic inches of steam discharged. 

The said condensing vessel to consist of one or more chambers, which may 
be madehf light copper or other material. The sphere is preferred, as combining 
strength with great capacity. The conversion of highly elastic steam into the 
liquid state is to be accomplished exclusively by expansion, without regard to 
cooling surface. The patentee claims the making the condensing chamber of 
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flexible substances, as varnished canvas, silk, cotton, or other suitable air and 
steam-tight material, so as to allow of its alternate inflation and collapsing, every 
stroke of the engine ; and to avoid rupture ^should the steam ever arrive at an 
elasticity exceeding the atmospheric pressure), it must be enclosed in a wove 
wire casing, to permit the atmospheric air to enter and escape with great facility, 
without cheeking the inflation, or collapsing of the aforesaid condensing cham- 
ber. The more this condensing chamber exceeds the proportions given, the 
more effectual will be its operation, as the steam will expand with less resistance 
than in a vessel of less capacity, as it more resembles the process of turning 
highly elastic steam into the atmosphere. 

The form of the engine, as applied to locomotive carriages, will be explained 
by the following figures, and descriptive references accompanying them. Fig. 1 
on the previous page, is an elevation showing the disposition of the various parts. 
Fig. 2 IS a longitudinal section of the boiler and fiirnace, showing the flues, 
steam, cylinder, &c. Fig. 3 is a transverse section of the boiler, furnace, and 
calorific regulator, showing its connexion with the blast regulator. Fig. 4 is a 
sectional plan of the lower part of the boiler, fiumace, and flues. Fig. 5 is a 



lonmtudinal section of one of the slide valves with its seat. Fig. 6 is a plan 
of the seat, showing the steam and condensing passages. The same letters of 
reference are used to denote the same parts in all the views. A is the boiler, 
in the lower part of which, and concentric with it, is placed the furnace B, 
secured to it by flanges, bolts, and nuts. The grate C is supported upon an iron 
frame D, and is retained in its place by a wedge, or other simple fastening, and 
by releasing which, the grate may be withdrawn when required. The furnace 
is replenished with fuel through an aperture in the crown, by means of a pipe 
extending outside ; the boiler terminates by two slides or doors, which are alter- 
nately opened W'hen fuel is admitted ; to prevent the discharge of the heated 
gases, a rake is ada’ed, working in a stuffing-box, to force the fuel into the fur- 
nace should the pipe get choked. It is the intention of the patentee, however 
to adopt a self-acting mode of feeding the furnace with fuel, by means of fluted 
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rollers, or other equally efficient means, and which will receive their motion 
from the steam-engine. E E E E are four flue pipes connected to the top of the 
furnace, and descending below the bottom of the ash-pit, which prevents the 
natural flow of atmospheric air to supply the furnace. 

The exit of the pipes being carried below the level of the furnace, is adopted 
in preference to cocks, or such like contrivances, in conjunction with the blast- 
regulating apparatus. F F are two circulating tubes, by which the annular space 
round the furnace is more uniformly supplied with water. G, a pipe with its 
valves, through which the supply of water to the boiler is injected, to replace the 
quantity evaporated. H the injecting pump for supplying the boiler with water ; 
I, the blowing apparatus, for injecting the requisite quantity of atmospheric air 
into the furnace. K, a pipe through which the atmospheric air is injected into 
the casing L, which surrounds the ash-pit, between which a communication is 
formed by perforations in the lower part of the cylinder which constitutes the 
furnace ; the blast is by this means rendered less partial in its action on the 
fuel . To one extremity of the pipe K is attached a regulating valve or cover M, 
which, when closed, prevents the exit of the air contained in the pipe, — the 
quantity of air discharged through this aperture depends on the area of the 
opening given to the valve. It is opened or shut, or otherwise adjusted, by 
means of a screw and handle, or may be operated upon by any other conve- 
nient means. This valve is used for regulating the quantity of atmospheric 
air passed through the furnace, suited to all the variations of resistance. To 
the other extremity of the pipe K is adapted a hinged valve or cover N, so 
weighted as to counterpoise the pressure of the air within ; the pipe, when 
closed, compels the air discharged by the blowing apparatus to pass into the 
casing L, and from thence into the furnace, through the flue-pipes E E, &c., into 
the atmosphere, excepting that quantity which may be discharged through the 
valve M. The use of this valve is to limit the temperature cf the water, and 
consequently the pressure of the steam in the boiler, by permitting, when open, 
the discharge of a great portion of the atmospheric air otherwise required for 
combustion. To effect this object, the valve N is connected by levers 0 P Q, 
with their necessary rods of communication, to the calorific regulating apparatus 
R, which consists of a piston of sufficient area to overcome the resistance 
opposed to it, working through a stuffing-box in a cylindrical syphon tube, con- 
taining a quantity of mercury as a medium by which the steam, passing from 
the boiler into the regulating chamber, acts upon the aforesaid piston. S, a 
safety-valve, with its graduated lever and weight ; a loop T is formed on the 
end of the lever, and embraces the screwed end of the regulator piston ; when 
the nut V comes in contact with the loop, the lever and safety-valve are lifted 
effectually, preventing the occurrence of accidents, should the safety-valve 
remain closed beyond the limiting pressure. The action of the safety-valve 
and lever is rendered simultaneous by two small connecting links. At X is a 
chamber attached to the crown of the furnace, and connected by a tube Y, with 
a piston and cylinder of precisely the same description and construction as that 
iMcd for the calorific regulator R, and may be placed in any convenient situa- 
tion for operating on a safety slide cock or valve Z, which, when the water in 
the boiler has evaporated so low as to endanger its safety from a deficiency of 
supply from the force-pump, is closed, and completely prevents the passage of 
atmospheric am into the furnace — thus combustion instantly ceases, the ignited 
fuel being deprived of air. Tlie motion communicated to the piston by the 
steam generated in the chamber X, operates on the levers shown, until the^ver- 
tical lever rising with the piston, the detent passes the projectin.. fin when 
the slide Z IS instantaneously released, and falls by its own gravitv“ completely 
closing the passage through the pipe K. The combustion being suspended the 
temperature of the water, and consequently the pressure the steam is 
instantly reduced thus preventing the destruction of the boiler by the powerful 
action of the fueLwhen the heating surface is unprotected by the water For 
facilitating the reference, the regulators R are arramred \titl, ^ ,• * 

euity, ratLr than mechanical exactness. It will 1^,'™ ^ 

slide Z with its appendages, have been omitted in F,^. ] lest it shovdd ' 
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been rendered too confused. The steam cylinder, piston, and stuffing-boxes, 
being of the usual construction, do not require a particular description, the 
only peculiarity being the great length of the cylinder compared with its 
diameter, and the small diameter of the piston rod. The adjustment of the 
piston in the cylinder is effected by means of screws and nuts at the two extre- 
mities, where they are connected to the chams s s by the loops r r. The slide 
valves a a are connected together by two adjusting side rods b b, and have two 
apertures each, with a connecting chamber c. The seats have each three aper- 
tures, of equal area with those in the slide, so that the alternate operation of admit- 
ting steam to the cylinder, and condensing it, is produced without the aid of a 
casing or cover over the slide. The movement producing the alternating motion 
of the slides, is of the tappet kind, capable of the nicest adjustment, by means 
of screws and nuts at each end of the tappet rods d d, which also connect them 
with the chains, e is a carriage for supporting the tappet lever /, and the guide 
rollers g g, against which the tappet rods rub, and by which they are prevented 
from deflecting out of the right line when brought into action. The side rods 
b b are united at h, the middle of their length, by a carriage furnished with 
friction rollers, which is embraced by the forked ends of the tappet rods /, and 
by which the slides are moved. The pressure tending to lift the slides from 
their seats by the action of the steam in their passages, is counterbalanced by 
an externa] pressure produced by two helical springs k k, at the back of each 
shde, and the friction is diminished by two grooved rollers 1 1, working on a guide 
parallel to the face of the shde. m is the condensing chamber, into which the 
steam is admitted after it has performed its office in the cyhnder, where it is 
permitted to expand freely. The slide valve seats communicate with the upper 
part by the pipes nn, which enter the chamber separately, or united in one 
pipe. The water produced by the condensation of the steam is drawn from the 
chamber by the force-pump H through the pipe and valves o, which chamber is 
furnished with an inverted safety-valve p to prevent collapsing. The steam is 
completely excluded from the engine by closing the slide valve q. The chains 
s s are fixed to the pulleys 1 1, whose axes turn in bearings on the bracket v v, 
firmly secured to the transverse bearers of the frame work of the carriage. 
These pulleys should be more in circumference than double the length of the 
piston’s stroke. The reciprocating motion of the pulley t and the engine, pro- 
duce the revolution or rotation of the crank shaft W, by means of a lever keyed 
on one end of the pulley axis, and the intervention of the connected rod y, the 
crank shaft revolving in bearings attached to the frame of the carriage. The 
radius of the lever must exceed in a trifling degree that of the crank ww. z, a 
toothed spur-wheel working into a pinion of half its diameter on the axis of 
the carriage-wheels 5, so that the carriage performs a distance equal to tw'ice 
the circumference of the wheels 5 for each double stroke of the engine. Any 
other proportions of the wheel and pinion may of course be adopted as the 
nature of the machine or the required speed of the carriage may render neces- 
sary. On the crank shaft W is a pulley 6 grooved, to receive a catgut band for 
the purpose of driving the machinery to work the blowing apparatus. These 
wheels 3 and pulley 6, have been represented by dotted lines to prevent con- 
fusion. The machinery for working the blowing apparatus consists of two 
pulleys 7 on an axis 8, supported on two brackets 9 fixed to the side frames of 
the carriage ; one pulley to receive the motion from the crank shaft W, and 
the other to communicate the motion to the pulley 10. On the axis of the 
blowing fan a greater number of pulleys may be found convenient to vary the 
velocity of the blowing fan, according to circumstances. The pulley axis 8 is 
cranked, to form a winch by which the blowing apparatus can be worked by 
manual labour, where the engine is at rest, and for which purpose a provision is 
made to disengage the pulley from the crank shaft W, by sliding the brass bear- 
ings in the bracket heads in the direction of the crank shaft. The catgut band 
will then be slackened, and the pulley will revolve without it ; when it is required 
to be connected with the engine, the reverse of this operation will be necessary, 
in either of which positions, the axis will be retained by a set screw 11. The 
force pump is worked by means of an n(\justing crank 12, keyed on one end 
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(^the axis of the pulley t, and co.nmiinicating with the pump piston hy a coir- 
Meeting rod and slings 13. The pump is secured to a portion of the bracket iV 
projecting helow the carriage frame. 

To avoid the impediment that is likely to occur occasionally from snow or 
ice upon railways, Mr. Grime, of Bury, has proposed, under a patent right, 
dated the 21st February, 1831, to dissolve the same by making the rails hollow, 
and causing hot water, steam, or hot air, to pass through them, so as to keep 
them at a temperature above the freezing point. For this purpose a boiler is 
to be erected by the side of the railroad, at distances of two or three miles 
from each other. One of these boilers being supplied with water, and heat 
applied, the water is forced, by the pressure of steam on its surface, through 
a pipe communicating with the hollow rail, and reaching nearly to the bottom 
of the boiler, and along the railway, till it ceases to give out a sufficient quan- 
tity of heat to melt the snow or ice which may lodge on the rails, when the 
water is received into another boiler by means of a feeding vessel placed over 
it. This feeding vessel is connected with the boiler by two pipes, — the one 
descending from its bottom to very nearly the bottom of the boiler, to form a 
water communication, and the other from its top to the top of the boiler, to 
form a steam communication. Each of these communications is provided with 
a stop-cock and levers, from both of which, as well as one from a cock on the 
pipe which supplies the feeding vessel, are connected with a float in the boiler, 
by means (rf a wire passing through a stuffing-box, in a manner similar to that 
described in Vol. I, p. 216, where the float descends by the escape of water 
through the exit pipe into the rails : the steam and water ccanmunication from 
the feeding vessel to the boiler are thereby opened, while the supply pipe to the 
feeding vessel is closed, when the water contained therein is forced, by the 
pressure of steam on its surface, into the boiler, till the float is elevated so as 
to close the communications between the feeding vessel and the boiler, and to 
open that between it and the hollow rails, for the admission of a fresh supply 
of cooled water. 

It is stated in the specification, that instead of the hollow rails, hot water 
pipes may be laid along the line of road, in contact with rails of the usual con- 
struction. The lengths of hollow rail are connected together by pieces of 
copper pipes fitting accurately into the ends of the pieces of hollow rails, which 
they unite, leaving a space between them sufficient to allow of their expansion 
by the increased temperature. 

On the 2d August, 1831, a patent was granted to Sir James C. Anderson, 
Bart, (rf Buttevant Castle, Ireland, for a very judicious arrangement of me- 
chanism for propelling carriages by manual labour. This gentleman designed 
a carriage, in which as many as twenty-four men were arranged on seats, in the 
manner of rowers in a boat, but in two tiers, one above the other ; the action 
was nearly the same as the pulling of oars, the only difference being, that by 
Sir James’s plan, all the men sitting on one seat pulled at one horizontal cross 
bar, each extremity of which was furnished with an anti-friction roller, that ran 
between guide rails on the opposite sides of the carriage. The ends of each 
of these horizontal bars were connected to reciprocating rods, that gave motion 
to a crank shaft, on which were mounted spur gear, that actuated similar gear 
on the axis of the running wheels of the carriage ; so that by sliding the gear 
on the axis of the latter, any required vehxnty could be communicated to the 
carriage, or a sudden stop made. A carriage of this kind it was proposed to 
employ as a drag, to draw one or more carriages containing passengers after it. 
The worthy Baronet informed us, that he had chiefly in view the movement of 
troops by this method, which would enable them to effect their marches with 
greater facility and despatch; hence he justly considered that there might 
be a great diminution of the peace estahlishroent, without detriment to the 
service. 

Mr. Alexander Gordon, in his Treatise before referred to, disapproves of all 
attempts at “ homo-locomotion,” except the use of his legs, experience having 
proved, in his opinion, the utter vanity, if not impiety, of all propositions of the 
icind. He instances the Velocipede as the most promising of all, yet a failure ^ 
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Hence he deduces, that “ the inexplicable vital principle bestowed by the omni- 
potent God upon his creatures cannot be superseded by man's utmost know- 
ledge in mechanical science.” In our simple opinion of the matter, Mr. Gordon 
lias entii'ely overlooked the obvious fact, that whatever mechanical improvement 
may be effected by the “creature,” it must necessarily proceed from the Creator. 
Admitting, however, for mere argument’s sake, that the Velocipede was a failure 
upon the common road, does it not follow that upon a railway, where the resis- 
tance to motion is only a fifteenth part of the former, that the effect would be 
vastly increased by the exertion of the same motivm force ? And although the 
railway is one of the results of our increased knowledge, we are far from believing 
that Messrs. Stephenson and Booth have yet attained the “ utmost knowledge 
in mechanical science ” that man is capable of ; or that the Omnipotent may not 
vouchsafe to man such an increase of his capabilities, as will cause the present 
age to be hereafter regarded as one of comparative darkness. 

A patent for a locomotive machine, bearing great similarity to Sir James 
Anderson's, last described, was taken out by' Mr. A. Cochrane, on the 10th of 
the same month ; in conformity with which, a carriage was constructed and 
impelled through the streets of London soon afterwards ; but from some defects 
in its construction, as W'ell as from there being too few hands to work it, to 
overcome the weight and friction of the machinery, it did not perform satis- 
factorily. 

About this period several patents were taken out for improvements in the 
construction of the wheels for railway carriages. Mr. George Stevenson’s plan 
consisted in combining wrought iron and cast iron, in the following manner : 
The spokes are to be made of wrought-iron tubes, compressed from the circular 
into an elliptical form; these are to be laid and propeily adjusted in the mould, 
in a true radial position, to receive the nave and the felloes, of cast iron, made 
by pouring the fluid metal round them. To obtain a perfect junction between 
the two different kinds of iron, the ends of the tubular spokes are previously 
glazed by the application of borax over the surface, and then heating the metal 
until the salt fuses over it. The ring which constitutes the felloes is cast in 
three portions, with an open space between them, which is done to permit the 
contraction in cooling, and to allow of their being afterwards key'ed up firmly 
in their places. 

Mr. Geo. Forrester, the eminent engineer of Liverpool, also had a patent in 
September 1831, in which he proposed to unite cast with wrought iron, by a 
very ingenious and beautiful process, especially with the view of constructing 
the wheels of railway carriages. The specification informs us, that there is 
first to be made a skeleton, or light frame of wrought iron or steel, of the form 
required, but of considerably less thickness. This skeleton is to be brightened 
by' grinding, scouring or filing, so as to adapt it to be tinned. The article to be 
cast having been moulded in sand or loom, in the common way, the tinned 
skeleton is carefully laid in the middle of the respective parts of the motild, 
projecting pieces being attached to the former, to keep it in its proper place : 
the mould is now to be closed, and the cavities formed by the pattern are to be 
filled up with fluid cast iron, which completes the operation. 

The locomotive steam carriage, contrived bv Dr. M’. H. Churcli, of Bir- 
mingham, now comes under our observation. His first patent for locomotion is 
dated the 9th February, 1832 ; in this the principal novelties claimed are as 
follows: — First, the frame-work, which is not to be mortised together in the 
usual way, but united together by' L, T, flat, and other shaped iron plates or 
bars, bolted on each side of the wood work, to obtain strength. This frame- 
work, well trussed and braced, encloses a space between a hind and fore body oi 
the carriage, and of the same height as the latter, and is to contain the engine, 
boiler, &c. 'I’he boiler consists of a series of vertical tubes, placed side by side, 
into each of which is introduced a pipe that passes through, and is secured at 
the bottom of the bqjler tube ; the interior pipe constitutes the flue ; each of 
fliem first passes up through a boiler tube, and is then bent sy phon-wise, and 
passed down another till it reaches as low, or lower, tlian the bottom of the 
fire-place, whence it passes off hito a general flue in commtmication with an 
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exhausting apparatus. Some other complications of tubes form a part or the 
arrangement, which our limits forbid us to describe. Two fans are employed, 
one to blow in air, and the other to draw it out ; they are worked as usual, by 
straps from the crank shaft. The wheels of the carriage are constructed with 
the view of rendering them to a certain degree elastic, in two different ways ; 
first, the felloes are made of several successive layers of broad wooden hoops, 
and these are covered with a thin iron tire, having lateral straps to bind the hoops 
together ; second, these binding-straps are connected by hinge joints, to a kind 
of flat steel springs, somewhat curved, which form the spokes of the wheels. 
These spring spokes are intended to obviate the necessity, in a great measure, 
of the ordinary springs, and the elasticity of the periphery is designed tliat the 
yielding of the circle shall prevent the wheel from turning without propelling ! 
Dr. Church, however, proposes, in addition to spring felloes, spring spokes, and 
the ordinary springs, to employ air springs, and for that purpose provides two 
or more cylinders, made fast to the body of the carriage, in a vertical position, 
closed at top, and furnished with a piston, with packing similar to the cap-leather 
packing of the hydraulic press ; this piston is kept covered with oil, to preserve 
it in good order, and a piston-rod connects it with the supporting frame 
of the carriage. Motion is communicated by two steam cylinders made to 
oscillate, being suspended on the ends of the eduction and induction pipes over 
the crank shaft. The crank shaft and driving-wheel axle are connected together 
by means of chains passing about pitched pulleys ; and there are two pairs of 
these pulleys, of different sizes with respect to each other, by which the pow'er 
may be varied, by shifting the motion from one pair to the other, by means of 
elutch boxes. 

Several successive patents have been taken by Dr. Church for improvements 
connected with locomotive carriages ; but we regret to state that we have 
hitherto met with nothing in his arrangements which the eulogies of the press led 
us to hope for ; but, on the contrary, most of the contrivances appear to us to 
be rather retrogressions than improvements in practical science. Ine very stale 
and unprofitable idea of propelling upon spheroidal wheels (made so by com- 
ijression), and thus converting, in effect, a hard level surface into a constant 
hill, we should never have suspected to emanate from the mature and philoso- 
pliic mind of the patentee. 

It has been stated in the public papers, that Dr. Church’s carriage has 
recently been tried in the streets of Birmingham, and that it performed very 
steadily; how far the arrangements in that carriage correspond with the 
description contained in the patents, we are not informed ; but w'e suspect 
there must have been a radical reform to enable the machine to w'ork at all. 
A beautiful print of Dr. Church’s carriage was published in Birmingham by an 
artist named Lane, a copy of which b given in the Mechanics’ Magazine, 
No. 533. rv & y , 


’1 he next invention we have to record, emanated from the prolific mind of 
Mr. William Henry James, of Birmingham; it blossomed fairly, but the 
embryo fruit never came to maturity, owing, we believe, to a deficiency of that 
metallic nutriment which is indispensable to the successful culture of steam 
carriages. The specification of his patent (which was dated the 15th of 
August, 1832,) is too voluminous, and the illustrative drawings too elaborate, 
to enable us even to condense an intelligible description within the space 
allowed us. We must, therefore, briefly state that the chief feature is a 
powerful high pressure boiler, formed of a horizontal tier of cast-iron plates 
ingeniously cast with tubular cavities in the body of the metal, and throughout 
its area. These cavities hold- the water to be vaporized, which is con^antly 
made to flow throughout the tier, by an hydraulic apparatus which the inventor 
denominates a “ heart-pump.” The fire operates upon the entire bottom surface 
of each water-plate, and the steam is collected in the highest plate to which 
m addition to the usual appendages, b a steam pipe leading to’atrumuet! 
which IS sounded by the motion of a lever operating upon a vai?e at the induc- 
tion orifice. For the other ingenious arrangement of the carriage, we must 
reter the reader to the enrolled docuDienta. ^ 



RAILWAYS. 


551 


A very singular and interesting proposition has been made by Mr. Richard 
Badnall, for travelling upon undulating lines of railway in preference to 
straight or level lines, with the view of saving locomotive power, by the appli- 
cation of the natural force of gravity in the descent, so as to obtain a great 
momentum in making the succeeding ascent. His plan is best explained by 
himself in the specification of a patent, dated the 8th of September, 1832, which 
he obtained for that object. 

“ If a plummet suspended by a siring, as in Fig. 1, in the annexed engrav- 
ing, from the point a, be drawn away from the perpendicular line to the point 
a, and there let go, it wiU fall by its gravity to b, in the arc ab ; but in its 


Fig.l. 



falling, it will have acquired so much momentum, as will carry it forward up 
to a similar altitude at the point c. 

“ Let it be supposed that a line of rails, or tram-way for carriages, be so con- 
structed from the summit of two hills, as Fig. 2, across a valley, that the descent 
from one hill, as a, to the valley b, shall subtend a similar angle from the hori- 
zontal line to the ascent up the other hill from b to c. Now if a train-waggon, 
as d, be placed at the summit of the declivity a, it will, by its gravity alone, run 
down the descending line of rails to the lowest point b ; but, in so running, 
according to the principles of the oscillating pendulum, it should have acquired 
a momentum that would carry it forward without any additional force up the 
ascending line to the summit of the hill c, being at the same altitude as the 
hill a. It is quite certain that this would really take place if the force acquired 
by the momentum was not impeded by the friction of the wheels of the carriao-e 
upon their axles, and upon the rails on which they run. Hence, subtractino- 
the amount of friction as a retarding force from the momentum which the car- 
riage has acquired in descending from a to b, it will be perceived, that the force 
of momentum alone would only impel the carriage part of the way up the 
ascent b c, say as far as z. It must now be evident, the carriage d would not 
only pass down the descending line of road from a to b, by its gravitv, but that 
the momentum acquired in the descent would also impel it up the second hill 
as far as z, unassisted by any locomotive power. In order, therefore, to raise 
the carriage to the top of the second hill, I have only to employ such an impel- 
ling force as would be sufficient to drive it from z to c, the whole expense of 
locomotive power for bringing the carriage from a to z being saved. If now I 
employ a locpmotive power to assist in impelling my carriage from a to 5, I, 
by that means, obtain a greater momentum than would result from the descent 
of the carriage by gravity alone ; and are enabled by that means to sunnount 
the hill c, having traselled the whole distance from a to c, on the undulating 
line of road, with the exertion of much less locomotive power than would have 
been requisite to have impelled the carriage the same distance upon a perfectly 
horizontal plane.” Having thus explained the principle of his inventioii 



S52 


RAILWAYS. 


Mr. Badnall claims the formation of tram and railroads, with sucli undulating 
curves as are adapted to his object. This invention has been the subject of 
much able controversy in the Mechanics' Magazine, and some other public 
journals, of which our limits render it impossible to give any account. The plau- 
sible arguments whicli were raised in support of the inventor’s theory, led to some 
public trials on the Manchester and Liverpool railway ; which, although con- 
clusive as to its inefiicacy in the minds of most persons, who doubted before, has 
apparently had the effect of confirming the patentee in his prepossessions of its 
utility. 

An improvement in the manufacturing of the rails for rail-roads, was patented 
by Sharman Converse, late of New York, but now of London, on the 29th of 
September, 1832, a description of which is given in the Repertory, for April 
1833. The explanation is, however, not very clear; all that we can gather 
from it being, that the rails are to be connected and sustained longitudinally, 
by a species of trussing with wrought-iron rods, similar to that employed in 
trussing girders. 

In October, 1832, Mr. Redmund, of the City Road, patented a boiler, especially 
designed for locomotive uses. It consists of a series of parallel vertical 
chambers with corrugated sides, for the purpose of extending the heating 
surface, and accelerating the production of steam in a compact apparatus. The 
principal difference between it and Mr. Hancock’s, is in the circumstance of the 
corrugation. Mr. Redmund, shortly after the grant of his patent, constructed a 
very elegant steam carriage, which is represented in tlie subjoined cut. The 



wheels, it will be observed, are of a peculiar kind, and are, we are informed, 
the subject of a distinct patent ; our space will not permit us here to describe 
them. The arrangement and position of the chief part of the propelling 
mechanism is the same as Hancock’s. The guiding is effected by reins in a 
similar manner to those of horses, each rein operating separately through the 
medium of levers in turning the fore wheels of the carriage to the right ot left; 
and to facilitate this motion, each wheel revolves on a distinct axle supported in 
a frame that turns horizontally upon a pivot, after the manner of Ackerman’s 
patent of 1816. 

The great improvement in the construction of iron rails introduced by 
Mr. Birkinshaw in 1819, and described by us at page 411, have stood the test 
of experience, and are used now in nearly the same state as"^ he left them. 
Malleable iron was thus substituted for cast, and at a cheaper rate. Heretofore 
the chairs into which the rails are fitted have been mad^ of cast iron probably 
on the supposition that there was no other mode of bestowing upon them their 
varied form, and massive parts, at a moderate cost; and the consequences of 
this notion may be witnessed in the thousands of broken chains which mav be 
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found along any of the considerable lines of railroad now being laid down. It 
is therefore with much satisfaction that we peruse the specification of the patent 
granted to Mr. Harry Scrivenor, of New Broad-street, dated November 6, 1832 ; 
the object of which is to construct the chairs and pedestals of railways of 
wrought iron, arid cniefly by means of the rolling process. 


Fig. 1. 



In the preceding Fig. ab represent a pair of cast-iron rolls designed for 
this object, and put in motion by the usual mechanism employed in iron-works. 
It will be observed that the series of grooves or indentations in their peripheries 
correspond with the several shapes which the metal is intended to take in 
its progress through these rollers, until it at length attains the exact shape 
required to form the chairs or pedestals. Thus, for example, the grooves at c c? 
must be adapted to receive an ordinary short thick bar of wrought iron, about 
two feet long, and six inches square, properly heated for rolling. The bar is first 
passed through the rollers at c d, which causes it to assume the shape shown at 
j. It is then passed in succession through the other grooves on the rollers at 
k Ic, 1 1, mm-, n n, whereby it successively takes the form shown e f g h. 
Having thus obtained a long bar of iron of the sectional form shown at n, it is 
next cut into lengths for chairs, which is effected by the mill shears shown at 
Pig. 2, which are worked by the engine. These shears are provided with 
steel jaws to receive the chair as shown at v iv, in order that in cutting oft’ tlie 
chair it may not be forced out of shape. The opening between the cheeks of 


Fig. 2. 
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the chair for the reception of the rail are at 
present left parallel ; the next process is there- 
fore to give these parts a more suitable form 
for holding down the rail. This is effected by 
making the chair red hot, and placing inside the 
recess a mandril of the required shape, with 
which it is again passed through another pair 
of rolls .shown in the annexed Fig, 3 ; by these 
the recess is impressed with the required form 
to adapt it for receiving the intended keys. 

The last invention of the celebrated Richard 
Trevithick, of Camborne, in Cornwall, for which 
he took a patent on the 19th March, 1833, 
was for improvements in the steam-engine, and 
in their application to navigation and locomo- 
tion. The first of these improvements consisted 
in interposing between the boiler and the work- 
ing cj'linder, in a situation to be strongly heated, 
a long pipe, formed of a compact series of curved pipes, in which the steam, after 
it has left the boiler, passes with great velocity, and is further expanded in 
volume before it enters the cylinder. And in order still further to augment 
this volume of steam, he placed the working cylinder within a case constituting 
a part of the chimney, where the cylinder was kept hotter than the steam 
employed in it, and by these means employed the otherwise waste heat in 
augmenting the power of the engine. 

We have now to notice the labours of two gentlemen, who are justly cele- 
brated for their ingenuity and skill in mechanical construction, in various 
departments of art, besides that of locomotion by steam. We allude to Mr. 
Joseph Gibbs, late of the Kent Road, and Mr. Augustus Applegath, of 
Crayford in Kent, who had a joint patent, dated 29th March, 1833, for 
“ certain improvements in steam-carriages.” To givq an intelligible descrip- 
tion of the many original contrivances contained in their elaborate specification 
would, with the requisite illustrations, require five or six of our pages ; we must 
therefore be content with giving an idea of the nature of the subjects, and refer 
the curious reader (for the present) to the enrolled parchments. 

The first described improvement relates to the general arrangement of a 
steam-carriage. The boiler is of a very novel description, and consists of a 
series of double cones arranged one over the other, the exteimal angles or spaces 
between which are receptacles for water, which is circumscribed externally by 
a cylindrical casing. The fire is in the centre of the series of cones, and operates 
upon their extensive surfaces ; and the flue is so arranged as to repeat the heat- 
ing operation by a descending current. There is also a curious combination of 
shafts, wheels, couplers and springs for varying the speed, &c. 

The specification of Mr. Jessop’s patent, dated the 31st June, 1833, relates 
to the manner of constructing the chairs in which the rails are fixed ; that is, 
in place of'the usual mode of fixing and supporting the chair upon a sleeper, 
the chair is made distinct from the pedestsU, which is attached to the sleeper, 
and the chair and pedestal are connected by a universal joint or hinge, which 
permits the pedestal to adapt itself to any irregular sinking of the block or 
other support on which it rests, and insures a firm and solid bearing upon its 
base. The patentee also efiects it by the combined motion of a hinge joint, or 
other means permitting motion between the pedestal and chair, and a mova'ble 
joint formed at the junction of the chair and rail, so as to produce the same 
effect, and thereby answer- the purpose of a universal joint. ‘ 

The following drawings represent several methods of constructing the uni- 
versal joint, in all of which r r are the rails, c c the chairs, p p the pedestals, 
and i 5 the blocks or sleepers ; jj are junction bars of east or wrought iron by 
which the opposite chairs are connected together, and the rails are thereby held 
parallel to each other, and at a proper distance apart, and are al»o retaimd in 
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a suitable position to insure a flat bearing on the surfaces of the rails for the 
wheels to travel upon ; s s are cast-iron bed-plates or sleepers, (which may be 
used to support the rails where stone is expensive,) so constructed, that the 
pedestal may be readily adjusted, by the introduction of a wedge or packing, 
to a proper level, without disturbing the seats which the bed-plates may have 
acquired on the ground ; the same method of construction being applicable to 
the pedestals, when they are attached to stone blocks. 

Mg. 1 is a side view of the railway. 

Mg. 1 
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Figs. 9 10 and 11, ai'e a side view, plan, and sec- 
tion of a cast-iron bed-plate, used as a substitute 
for tTie stone blocks ; snowing also the method of 
adjusting the rails by means of wedges or packings 
introduced between the bed-plates ‘and the base of 
the pedestal, which is made to fit in the recess 
formed in the bed-plate, and secured laterally by 
means of a wedge or key. The patentee states his 
claim to consist in “ constructing railways, to the 
tising of chairs and pedestals, which are capable 
of turning or moving on universal or other similar 
joints, as above described, whereby the railway will 
not be so liable as heretofore to be deranged by the 
sinking of the blocks or sleepers, whether of stone, 
wood, iron, or other material.” 

Until recently the locomotive engines upon the 
Manchesterand Liverpool railway, were usually con- 
structed with a double cranked axis upon the two 
main wheels of the carriage, which wheels were provided with flanges on their 
peripheries to keep the engine on the rails. But this mode of construction has 
been found to be defective, owing to the liability of the crank axis becoming 
strained or broken, by the excessive fiaclion of the flanges of the wheels against 
the rails, when the locomotive is entering sidings, turnings, or crossings of the 
rails, or passing along curvatures in the line. For it will be evident that the 
carriage has a tendency at these places to run off the rail sideways ; which ten- 
dency is counteracted by the flanges on the wheels bearing laterally against the 
inside edges of the rails, on the concave side of the curvature; and, when it is 
considered that the great weight and momentum of the moving body meets 
with a sudden infletible resistance at the extreme end of the lever, or peri- 
phery of a large wheel, we may readily conceive its liability to be broken, or 
at least strained. It is evident that any lateral bending of the cranked a^e, 
although far short of a fracture, will, by putting the wheels out of square, pro- 
duce a violent surging motion of the whole engine sideways in its further pro- 
gress along the rails ; and such violent action must be very liable to break the 
cranked axle, or run the engine oif the rails. To obviate these disadvantages, 
Mr. Robert Stevenson (under his patent dated 7th October, 183;5), divests the 
tires of the main impelled wheels of their flanges, and in lieu thereof, emplovs 
two small additional wheels with flanges behind the former. These additional 
wheels are ^applied beneath the fireplace end of the boiler, for keeping the 
ci^ne straight on the rails in its progress forwards; and the axles of these 
wheels being straight, and, consequently, stronger than the cranked, are not 
liable to be broken or bent, as experience has proved with respect to the axles 
of the fore wheels, which are precisely the same. In the following cuts are 
exhibited a side elevation, an end elevation, and an end section of one of Mr. R. 
Stevenson’s improved engines, in all of which figures the same letters of refer- 
ence indicate correspending parts, though differently viewed. K K are the 
inain impelled wheels on the cranked axle, without any proiectina- flanars on 
the tires, which ron on the edge rails L. M M are the additional fmall u heels 
with flanges, applied beneath the hinder or furnace end cf the boiler • and O 
are the ordin^’ smdl wheels with flanges beneath the chimney end of the 

r.a. J .„d ,b. tae. ImpeUed .t«l. K h.,, „,j, fc,! 

liberated from ^ lateral strains, which is wholly transferred to th ^'ii 

o_.na M. .Id. ,uch, h™.g . 


mg It, 
Iti 


IS often of essential importance to be able to arrest the progress of a car- 
upon a railway with great promptitude ; and the breaks & ordinary ^e 
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for this purpose, have not always been found sufficiently potent for that pur- 
pose. As a remedy for this inconvenience, Mr. Robert Stevenson, under the 


Side Elevation. 
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only necessary to turn a small cock, which allows the steam to flow instanta- 
neously through a pipe into the cylinder, and hy its pressure on the piston, 
give motion to a system of levers, which cause two brakes or dogs to be lorceo 
against the peripheries with great energy, and to arrest the motion of the 
vehicles very quickly. These clogs or brakes, and their mode of action, are 
in the side elevation on the preceding page, a is the hollow cylinder into which a 
plunger is fitted, to act by a lever y, and an upright rod/, upon the two 
d d, which are suspended by pendulous links z from a centre pin or bolt e 
to the frame. The brakes are caused to apply to the circumferences of the 
tires of the wheels K and M, hy means of links, which are interposed between 
the two brakes, and which links, when put down into an angle, as shown in the 
figure, leave the brakes free of the wheels K and M ; but when, hy opening 
the cock C, the steam from the boiler is admitted through the pipe b b, into the 
hollow cylinder a, it raises up the plimger therein ; and the latter, hy its lever 


Tramveru Section. 



y, and rod/ draws up the links towards a straight line, and then they force the 
two brakes apart from each other, against the wheels K and M, with an 
increased force beyond that which the plunger exerts ; that increase of force 
being in consequence of the leverage at y, and the oblique direction of the 
links. When the handle of the cock c is turned the other way, it allows the 
steam to issue through an upright spout, and escape from the cylinders into the 
open air. 

The following letters have reference to the other parts of the pngine At 
h is the fire-box ; i the ash-grate ; j is the boiler, cylindrical in stape, through 
the lower part of the transverse sectional area of which are passed longitudi- 
nally a great number of sm^ brass tubes, proceeding from the f^ace 
chanflier, and serving as the hot-aur flues, and conduct the same into the 
“smoke-box” I, at the other end, whence the resulting gases from the combus- 
tion of the fuel ascend the chimney « ; p is the steam-head ; q a safety-valve ■ 
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r another valre, the extremity of the lever of which is held down hy the elastic 
force of a spring steel-yard at s; / is a man hole ; u the working geer ; ® « 
the springs ; tv w the iron brackets that connect the machinery to the wooden 
frame ; x the fire-door ; y, the throttle-cock, provided with a lever and graduated 
scale. In^the end elevation it will be observed that the axes of the running 
wheels M, like those at O, are straight ; the 
form of the axles to the wheels K, are repre- 
sented in the annexed cut, and they are forged 
with great care from the roughest quality of 
iron, and are turned and centered as well as 
the running wheels in the lathe. 

Locomotive engines, constructed according to 
the description of the foregoing, Mr. Stephenson 
says, have the effect of preventing the boilers 
being burnt out so soon as usual, by allowing 
them to be made of greater magnitude and 
strength ; the additional wheels supporting the 
extra weight. The bearing springs are used for 
the extra small wheels, the same as is now done 




for other wheels in ordinary engines ; the six springs used causing all the six 
wheels to apply and bear fairly on the rails, and ease all jolts and concussions ; 
the relative weights, or portions of the whole weight of the engine, which is 
to be borne by each sof the six wheels, being regulated by the strength and 
setting of their respective bearing springs. The main wheels, which are 
impelled by the power of the engine, are, in all cases, left loaded with as 
much of the weight of the engine as will cause sufficient adhesion of those 
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wheels to the Tails, to avoid slipping thereon. The larger the entire capacity of 
a boiler is, the more metallic heating surface it will contain ; and, consequently, 
'ender unnecessary that extreme heat which is so prejudicial to the metal. And 
that diminution of the intensity of the combustion, the patentee considers to be 
advantageous in another point of view ; because the jet of waste steam (which 
.s thrown into the chimney to produce a rapid, draught therein, for exciting the 
combustion of the fuel) may be greatly diminished in its velocity, which will 
permit the waste steam to escape from the working cylinders with greater free- 
dom than could be permitted ivith smaller boilers, wherein a greater heat and 
a more rapid generation of steam, are indispensable to furnish the requisite 


power. 

The following cut exhibits another form of Mr. Stephenson’s locomotive 
engine, such as is now in use, but with the foregoing improvement added 
thereto. The foremost wheels, at the chimney end of the boiler, are, in this, 
however, impelled by means of outside cranks and connecting rods, as w'ell as 
the two midAe wheels K, which are on the cranked axle ; in other respects, the 
improvement is the same as in the other engine. The brakes, or clogs, are, 
of course, applicable to this or any other engine, but they are left out in this 
instance, as being unnecessary to our illustration. 

We have, in the previous parts of this article, alluded to the imperfections, 
which from time to time manifested themselves in the modes adopted for 
fastening the rails of edge railways to the chairs and sleepers. Owing to the 
effects of expansion and contraction, and the violent shocks and strains to which 


they are subjected, the task of perfecting these parts of the mechanism of rail- 
ways has hitherto been found one of difficult accomplishment even to the most 
experienced and skilful. With the view of remedying these defects, Mr. Robt. 
Stephenson, jun. obtained letters patent in December 1833, in which he says 
that the object of his improvement is to provide firm and secure bearings at 
the bottoms of the notches in tlie cliairs for the rails to rest upon, those bearings 
being capable of self-adjustment, in order that they may adapt themselves 
correctly to the under parts of the rails; and the making of adequate provisions 
for fastening the iron rads securely downwards upon such self-adjusting bearings, 
as well as for confining the rails laterally within the notches in the chairs, but 
in such manner that the self-adjusting bearings will not be subject to be 
deranged, nor the fastenings to be loosened, by the effect of any such slight 
tilting or inclination of the chairs in the direction of tbe length of the rails, as 
may lesult from partial or unequal subsidence of the ground beneath the stone 
blocks or wood sleepers upon w'bich the chairs are fastened, nor by the effects 
of any such slight elongations and contractions in the length of the rails as they 
are usually liable to from ordinary changes of temperature. Mr. Stephenson’s 
mode of effecting this, is by the application of a self-adjusting segmental bearing 
piece into a suitably-formed concavity, made below the level of the bottom of 
the notch of each chair ; the flat or chord side of the segmental piece being 
uppermost, and forming the bearing-surface at the bottom of the notch in the 
chair. IJpr - ^ ‘ ’ ■’ the under side of the iron rail is to rest, 

so that the : ■ . . j accommodate itself to the under side of 

the rail, and form an even contact therewith, in consequence of the circular 
side of the segmental piece adapting itself to the required position, by turning 
in its concave cell. The specification of this patent describes the action of 
these parts, and all the subordinate pieces by which the connexions are formed, 
with great minuteness. It will however be sufficient, for the generality of our 
readers, to describe the illustrative drawings that accompany the specification. 

IS a perspective view, and i'/y. 2 a lateral elevation; Fiy, 3 is a transverse 
section, and Fig. 4 a horizontal plan of a chair, for supporting aftd uniting the 
^fremities of the lengths of iron rails for edge-railways. A A is the fiat 
attorn or base of the chair, which is to be bedded upon the stone block or 
h^®« „ TS fastened thereto by spikes drfven down through the 

parallel notch in the chair, that notch being the 

rails C C ^ ^ Ae cheeks, for the reception of the 

> c may join together with a half lap-joint, as is shown in 




tliose parts are included within the notch of the chair. The bottom of this 
notch is deeper than is necessary for receiving the rails, and is depressed into 
a concavity of a suitable form, for receiving the segmental bearing-piece which 
is shown on, the next page, at 4 44, in plan, elevation, and perspective : the 
under et^es of the rails rest upon the uppermost flat surface of this hearing- 
piece. The small figures 5 and 6 are cydindricai pins, which are fitted into 
cylindrical sockets, through each of the cheeks or sides K B ; and 8 and 9 ara 
tapering or wedge-like keys, which are inserted through suitable mortices in the 
cheeks and across the pins 5 and 6, for the purpose of forcing forward those 
pins, so that their pointed extremities may press obliquely tipon the lower parts 
VOL. ;i. 4 B 
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of the grooved recesses in tlie rails, with a bearing-down action, to confine the 
rails downwards upon tlie bearing-piece, and laterally in the chair. The cylin- 
drical pins are shown detached, in order to explain the manner in which tne 
pointed extremity applies into the grooved recess in the rails, so as to exert a 



bearing-down action thereon. Fig. 5 represents perspective views, and Fig. 0 
a transverse section of a chair for supporting the iron rails at intermediate dis- 
tances between the extremities or junctions of their several lengths; it has only 
one cylindrical pin 5, fitted tiuough one of its cheeks B, the opposite cheek K 
being a flat vertical surface, against which the flat side of the rail is pressed and 
held firm, by the keying up of the cylindrical pin 5, so as to confine the rail 
laterally at the same time, that the oblique action of the point of the cylindrical 
pin 5, in the grooved recess of the rail, may produce a bearing-down action, which 
confines the rail down upon the segmental bearing-piece. The chairs are made 
of cast iron ; the sockets for the cylindrical pins, the mortices for the wedge- 
like keys, and the cells for the segmental bearing-pieces, being formed in the 
casting, as w'ell as the holes for the holding-down spikes ; the wedge-like 
cross keys, the cylindrical pins, and the segmental bearing-pieces, are made of 
wrought iron. 

At p.age 496 we alluded to an improvement made by Mr. Hancock, in the 
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tion and adhesion of clinkers upon the fire-bars, by which the combustion of 
the fuel is checked, and, consequently, the production of the steam, as well as 
the velocity of the carriage, considerably l‘,>ssened. By the present contrivance, 
Mr. Hancock draws out the foul floor of bars, and replaces them by a clean set, 
which operation, he states, is performed in much less time than is required to 
imperfectly clear by the rake. In the figure on the preceding page, F repre- 
sents the space occupied for the fire-place, iu a vertical jdane, and .V is the 
ash-pit. o is a floor of bars, in one caNimg, and in their position for use ; 
the outer bars on each side are cast with teeth undeincath, forming rack.s; and 
there is a fixed rail under each rack, one of which is jseeii at b : tlicse suji- 
port the racks, and, consequently, the whole floor of bars, wliich arc removed 
by turning the spindle of the pinnioii c, 
of which there are two, one at each 
end of the spindle, so as to operate 
upon both sides of the grating at once 
^Vhen a floor of bars has become foul, 
a clean floor is attached to it, as partly 
shown by the hooked joint at g, by' 
which, as the foul floor is drawn out, 
the clean one is drawn in. 

A patent for improvements in 
boilers for locomotive engines was 
obtained by Mr. James Frazer, on the 
7th May, 1833, upon the basis of 
which it is said he constructed a steam 
carriage, but of the completion or per- 
formance of which we are at present 
uninformed. Annexed is a transverse 
section of the boiler ; the fire-place is 
at a, and the smoke, &c. is conveyed 
through an eccentrically-curved tube 
h b, imparting its heat to the sur- 
rounding water, in its progress to the 
chimney. There are cross pipes, which 
jns.s quite through the flue-tube at 
various places, as shown by the dotted 
lilies, that the circulation of the water 
or passage of the steam may not be impeded. 'I'he patentee has included in 
his patent some other modifications of his plans, wherein a great number of 
small flue-tubes are used to distribute tlie heat throughout the water, and to 
serve as supports to the fire-place and flues. 

A very ingenious proposition for making use of the power of a hor.se, movliio- 
at his slow working pace, to communicate a high velocity to carriages upon a 
railway, through the medium of a new arrangement of pullevs and ropes, was 
invented by Mr. Joseph Saxton, of London, for which he obtained a pateii’t, on 
the 20th June, 1833. The invention consists in the application of pulleys of 
different diameters, termed “ difierential pulleys ; ” the principle of the action 
of which wiil be comprehended by the following illustration : 

^>9- 1 (tn following page) represents a combination of two pulleys, their 
diameters being as 6 to 7 ; a being the larger pulley, and b the smaller one; 
f d IS an endless rope, passing over the sheaves e e; the part c of the endless 
rope first fakes a turn round the larger pulley a, and the part d also takes a 
tiu n round the smaller pulley b. If then the rope d be moved in the direction 
ot the upper arrow, it will draw the lower part of the pulley b in the same 
(lirection ,• meanwhile, the part c of the endless rope will be moving in the 
direction or the lower arrow, and will move the lower part of the pulley a in 
tlie sanie direction with this part of the rope ; consequently, the two piille\ s 
a h (which are h.ted together) would turn on the mean point /. as a fulcrum • 
ff is the centre of the two pulleys. Let it then be supposed, that the part d 
ol the endless rope be moved from k to i, it will be evident that the centre 
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(j of the differential pulleys a b v^ould be moved to the point j, and, ccnse- 
quently, if any object were connected to the centre g of those differential 


Fig.l. 



pulleys, it would be propelled from g to y, by the endless rope c d being 
moved the much smaller distance of h to i, indicated hy the dotted lines ; 
and these distances will be as 13 to 1. 

Fig. 2 represents the contrivance applied to an ordinary carnage, having tour 
wheels, as usual, two of which, k k, are shown, a and 6 are the differential 
pulleys, placed on an axis g (see Fig. 3) ; m is a frame which cairms the 
differential pulleys, and turns in bearings « »i, affixed to the carriage. The piT>- 


Fg. 2. 



Fg. 3. 


jecting arm m is forked at the outer end, as shown in Fgs. 2 and 3, at o o; 
and the forked ends serve as bearings to the axle g of the 
differential pulleys, tke pulley a being permanently fixed 
to the axle g, whilst the pulley b is capable of turning 
loosely on this axis, when it is not retained by the pin g, 
which locks the two pulleys a and b together at the times 
required. By disconnecting these pulleys, the power will 
no longer tend to drive the carriage. R {Fig. 2) is a lever, 
turning on a ftdcrum S : the upper end of this lever is 
formed into a handle, and placed under the control of a person 
sitting in front of the carriage j the other end of this lever 
receives the flanch of a sliding socket I within it, as shown 
in Fig. 2 ; « is a bent lever, having its fulcrum at », on the 
forked frame o, as shown in Fig. 3. One end of this * 
cranked lever u has a crotch, which receives the flanch I of 
the sliding socket ; and the other end of the lever u has 
also a crotch to slide the socket tv, on the axis g, backwards and forwards , 
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X is an arm, fixed to the sliding-soeket w, and carrj'ing the pin y, h 5 ' which tlie 
wlieels b are fastened together : a spiral spring is placed on the pin q, to force 
it in, when a part of the pulley which is cut away, comes opposite to the holt ; 
there is also a spring to prevent a sudden concussion. In Fig. 2, c is an 
endless rope, the part c taking a turn round the pullej' a, and the part d taking 
a turn round the pulley 6, as described in Fig. 1 . This endless rope is supported, 
at proper intervals of the road, on sheaves, and passes round a rigger at each 
end, to which is attached an apparatus for preserving it sufficiently tight. Now 
suppose the pin q to be passed through the two pulleys a b, to retain them 
together, and the endless rope d be moved in the direction of the arrow, a 
similar action will take place to that described in Fig. 1 ; that is, the carriage 
(being attached to the centre g of the differential pulleys a and b) will be pro- 
pelled forward on a railway with a much greater velocity than the rope travels ; 
and the distance so travelled by the carriage, in comparison through which the 
rope moves, will depend on the differences of the diameters of the pulleys a b ; 
and the nearer the respective diameters of the pulleys approach each other, 
the greater will be the relative velocity the carriage will travel, to the velocity 
with which the rope moves. In order to prevent the two parts of the rope 
rubbing agauist each other, in leading on, and of the differential pulleys, the 
axis g of these pulleys is placed at an angle a little varying from a right angle, 
with the direction of the motion of the caiviage. 




BH 
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Figs. 4 and 5 show two different applications of the invention from that shown 
in Fig. 2 ; for in these instances there is only one pulley, whilst the two front 
or two back wheels of the carriage act the part of the other pulley. In Fig. 4, 
a is one of the front wheels of the carriage, which also acts as the larger 
pulley; b is the smaller pulley, and is the only one around which the rope c d 
passes ; the wheels a, and the pulley 5, being on the same axis g, which runs 
from side to side of the carnage, and turns in bearings affixed to the carriage. 
In this arrangement the point /, at which the vt'heels touch the rail, becomes 
the fulcrum on which the w eel a turns ; and it will thus be evident that if the 
rope c d be drawn forward in the direction of the arrow, a similar effect will be 
pro luced as describeii in Fig. 2, and as shown in dotted lines in Fig. 4. Never- 
theless, if the wheels and pulleys a and b be of the same relative diamete;s as 
those in Fig. 2, the carriage at Fig. 4 would only be propelled at the velocity or 
seven to one, owing to che fulcrum, at which the wheels a turn, being removed 
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from the '.nean point /, Fig 2, between the two diaineters, and placed at tlie 
extreme end of a radiating line, drawn from the centre of the wheel a to the 
point at wihich it touches the railway. In Fig. 5 the rope is passed around th.c 
pulley a, which is the larger, whilst the carriage-wheels act the part of the 
smaller pulley t/, the pulley a and the wheels i being on the same axis In 
order that the pulleys in this arrangement may stand at an angle for clearing 
the rope, the axle g is formed of three parts, cc'nnccted by universal joints ■ 
and one of the wheels i thus travels a little forwarder than the other, and thus 
the rope will clear itself. And, it should be observed, that in both these arrange- 
ments, the pulley around which the rope passes is to he made capable of bciijg 
disconnected from revolving with the axle as described in Figs. 2 and 3. tn 
the arrangement, F/g. 5, the fulcrum/, on which the wheels tuin, is the point 
at which the wheel 6 touches the rail or road ; and the difference in the arrange- 
ments, Figs. 4 and 5, is, that the power in Fig. 4 is applied b)- the rope between 
the fulcrum/, and the centre g, of the wheels or puliey « b, where the weight 
to be drawn is attached ; whilst, in Jig. 5, the fulcrum is between the centre of 
the pidley and wheels a ; consecpiently, the aiTangcments differ in the order of 
leverage, and, in this instance, will be as six tn one. In these two last arrange- 
ments, the rope cd may he either an endless rope, as described in Figs. 1 and 
2, or the rope may be single, and, taking a turn around the pulley a or b, is to 
be wound on a drum at each end of the distance, which is to be run by one 
length of a rope 

This invention has been recently tried on a piece of railway near the 
Regent's Park, and, we are infoimed, did not fulfil the anticipations of the 
ingenious patentee. The proposition, however, possesses merit, and mav be 
very beneficially earned into effect for short distances. 

In ctir notice of Sir Charles Dance’s carriage at page .541, we alluded to a 
htnler that was intioduced into it in 1833. It is thus described by Mr. 
Gordon : — 



“ In 1833 a patent was obtained by Sir Charles Dance and Mr. Field, for an 
airangement of tubes, which was considered super or to Gmney's. '1 lie bent 
pipes of Gurney's boiler will be discovered ujion reference to the figure, and tlie 
whole will be found to consist of two of Gurney's boilers, but without ti.e -i pa- 
1 , itors backed into each other. The coil-pipe J is here used, convex ing the 
cold, or rather the cooler, watir fronj the tai»k to E, from >v]ience it rises to C, 
hecoiniiig heated in its passage upwards, Water jHiniped into I) aho ascends 
to B in the same manner; and at B and C the steam from the two di^tiact 
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boilers E C and D B, rises up to F and G, and is drawn off to the engines, 
whilst the cooler particles descend in the vertical pipes below C and B, to pas.s 
again over the fire with other water, going in tlie upward direction. 

A tubular boiler for locomotive purposes, of considerable efficiency in the 
production of steam, was patented jointly by Mr. John Squire and Colonel 
Maceroni, on the 18th July, 1833. It consists of nine rows of upright cylin- 
drical tubes, each tow containing nine tubes, so that there are eighty-one in 
all. In the middle of these the fire-place is situated ; and to obtain the requi- 
site space for it and the fuel under combustion, a portion of the interior ranges 
of tubes are proportionably shortened, as well as three of the front tubes, to 
form a fire-door. All the vertical tubes are connected by means of small hori- 
zontal tubes at the top and at the bottom ; the upper being a steam communi- 
cation, and the lower a water communication ; but as they are all open to each 
other, and the application of the heat cannot be precisely uniform in every part, 
a circulation of the fluid necessarily ensues. To avoid clinkers, and prevent 
the destruction of the fire-bars, the latter are formed of hollow' tubes, filled with 
water, and communicating with the vertical tubes. The steam is conducted 
from the latter tubes, by means of small pipes entering the otherwise close tops 
of each, into a central recipient, from which the engine is supplied. The flame 
and heated matters being diffused round and throughout the whole series of 
tubes, of course produce a rapid generation of steam. 

Having thus obtained the heart and vital fluid for locomotion, Messrs. Squire 
and Maceroni set about combining the sinews, bones, and joints, which com- 
pri'-o the entire machine ; of which the following cut will afford a tolerably cor- 
lecl idea. 



This carriage, Mr. Gordon says, “ is a fine specimen of indomitable perse- 
verance, and that it is not uncommon to travel from 18 to 20 miles per hour 
by it. The engines are placed horizontally mideineath the carriage iiody ; the 
boiler is at thp back, and a winnowing blast is employed to excite the combus- 
tion of the fuel, the supply of which is regulated by an engine man, who has a 
seat at the back for attending to it. The passengers are placed in the open 
carriage body, and tl*eir seats are formed upon the tops of the water tanks. 
There are two working cylinders inches diameter, and 15| inches leno-th of 
stroke. The steam-ways are 2i and 2f inches diameter. We regret tluft our 
space will not permit us to e.xtend our notice of the operations of the highly 
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gifted Colonel Maceroni ; but our readers who have not seen his Expositions 
and Illustrations in steam locomotion (published by Effingham Wilson and 
George Hebert, 1835) may derive thereftom much useful information, as well 
as amusement. 

In the course of this article, we have described a variety of ingenious con- 
trivances for enabling locomotive carriages to pass over obstacles lying in the 
road, without injury resulting. The invention we have next to notice is of that 
description, and is the subject of a patent granted to Mr. George Millichap, of 
Birmingham, and sealed on the 31st of March, 1834. The carriage is mounted 
upon three pair of wheels, whereof the foremost and the middle pair are 
situated in their usual places in four-wheeled carriages ; hut the additional third 
pair, herein alluded to, are quite at the hack, and much nearer together than the 
others. The fore wheels are made to lock much in the usual manner, and above 
them is a framework, carrying toothed gear, by which the carriage is steered, 
when acted upon by the guide, through the medium of suitable levers. The 
axis which carries the middle pair of wheels, passes through projecting arms 
at the fore extremity of the principal platform or floor of the carriage, which 
platform rests upon the axletree of the hind wheels, about two-fifths of its length 
from its hind extremity. Should an obstacle therefore present itself against the 
middle pair of wheels, (and a very formidable one is shown on the drawings of 
the specification,) it does not become necessary to hft up the whole weight of 
the carriage and load, but only rather more than the weight of the wheels, as 
the axletree of these acts like a hinge-joint, and the platform of the carriage 
yields to the resistance, by collapsing, or turning upon its joints. For the sake 
of illustration, a train of gear, of different speeds, are shown as worked by hand ; 
but the patentee observes, that steam power may be obviously communicated to 
it, in lieu of manual labour. 

An arrangement of the parts of a locomotive engine, possessing considerable 
novelty, was patented by Mr. Benjamin Hick, of Bolton, in Lancashire, on the 
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Stli of October, 1834. The preceding figure affords a side elevation of the 
machine, with such portion as could not be readily explained otherwise in sec- 
tion ; a is the ash-pit, b the fire-place, opening above into a dome e, of the 
boiler d d, and surrounded by water ; the external figure of the boiler is that of 
a vertical cylinder ; and as the dome c occupies the centre, the water chamber 
is for the most part of an annular form ; this annulus has passing through it, 
vertically, numerous tubes open at each end, for the smoke and heated gases to 
pass from the furnace throughout the body of water, into the flue e above, and 
thence into the chimney g. The draft through the furnace is increased, by in- 
troducing tbe induction steam pipe k, from the engine into the throat of the 
chimney, where a jet of steam is thrown upwards, in the way now commonly 
practised, f is the steam chamber, enveloped in tbe heated gases that ascend 
from the furnace, which are made to impinge upon it with greater force, by the 
introduction of a plate of iron shaped like an inverted funnel ; i is the steam 
pipe, which conveys the steam from the chamber /, into the valve boxes k, 
worked by a series of levers at /, that are put in motion by bevel gear, and a 
crank motion partly introduced. It is now to be clearly understood, that there 
are three steam cylinders m, but as they are all in a row, only one can be seen 
in our view ; each of these cylinders is provided with suitable valves, and work- 
ing gear, to admit the steam on the lop only of each of the pistons, at the time 
of the descent of each, and to allow of its escape on their ascent. The bottom 
of each of the cylinders is open, and the piston rods n, are jointed to the bottoms 
of the pistons, the latter being steadied in their motions by small lateral rods 
passing through guide holes. The three piston rods act directly upon a three- 
throw-crank, the equi-distant positions of which in the circle cause the pistons 
to continue their reciprocating action, and the crank its rotative motion, with 
uniformity. Fast and slow motions, and clutch boxes for varying the speed, 
are provided in the usual way'. In our diagram is shown a pinion o, on the 
crank axis, driving a wheel on the axis of the ritnning wheels. 

The patentee especially claims under his patent, the combination of two or 
more cylinders, each having its lower end open, so that the steam shall press 
only upon the upper surfaces of the pistons, and communicate its power to the 
crank shaft, or running svheels, in a downward direction only' : wliich he con- 
siders will cause a greater adhesion between the wheels and the rail, and less 
vibration to the carriage, than when the power is applied to the wheels in an 
upward and downward, or a forward and backward direction, alternately. 

The wheels applied to this locomotive also possess some novelty, and are 
claimed under the patent right. They may be briefly described to consist of a 
cast-iron nave, duly formed and turned, to receive the edges of discs of plate- 
iron, in lieu of spokes ; the felloes or external rings being fixed to the discs by 
first expanding their circumference by heat, and allowing tlrem afterwards to 
contract, so as to receive the edges of the discs in grooves turned to receive 
them. The several parts are afterwards secured by bolts, screws, rivets, and 
keys, in a manner too well understood to need description. 

Some improvements of considerable originality have been proposed by 
Mr. Robert Whitesides, a wine merchant, of Air, in Scotland, for which he 
obtained a patent, dated the 20th of November, 1834. The object of his first 
improvement is, to obtain a firm connexion between the mo\ing and the moved 
parts, or between the steam engine, and the axle of the wheels which move the 
carriage. In order to perform this efl'ectually', the springs usually placed over 
those wheels are placed in them; and to prevent the twisting force of the 
machinery from tearing them out, two quadrangular framings are attached to the 
wheels, which will be explained with reference to the cut on tbe following page. 

a, b, c, d, is*the outer circumference of the wheel, formed of iron : the spokes 
are rivetted, or otherwise fastened, to the tire at one end, and at the other, 
either rivetted to a flat^ ring, or screwed to one which is thickened in parts to 
receive the screw. The central ^ace of this ring varies according to the plav 
intended to be allowed to the springs ; in the present instance, it is eight inches 
diameter, '['he points, a, b, c, d, are equi-distant from each other. Between 
a and c, and b and J, are placed two rods, which must be firmly attached 

voi. It. 4 1 , ' 
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to the rim of the wheel at both ends, and parallel to each other. On these 
rods traverses a quadrangular iron framing, e, /, g, h, by means of rings 
which embrace the rods. On this framing, e, f, g, h, slides another frame, 
of the same nature, in a direction at right angles to that of the first, but 
instead of the rings, as in the first, being attached to rods, and the cross- 
bars i and j, they are affixed to a plate of iron, in the centre of which is a 
hole, to allow of an axle-box passing through. The box is bolted to the afore- 
said plate (by means of a flanch, cast along with it), and passes through the 



hole or opening in the centre of the wheel, so that one end of the springs may 
he fastened to it, and the other end to the circumference of the wheel. The 
whole wheel may then be covered over on each side, with a thin iron plate, to 
preserve the frames, &c., from the wet and dust, taking care, at the same time, 
to allow in the inside plate, a hole of sufficient size (say eight inches diameter), 
for the axle to play : this hole may he covered over with a piece of water-proof 
cloth, connected water-tight, on one part to the axle, and on the other to the 
inside covering-plate. The patentee observes, that springs have been before 
placed in, or adapted to, w’heels ; but he confines his claim to the application of 
the two quadrangular frames, as above described, for preventing the strain of 
the power applied to propel the same coming on to the springs. Another im- 
provement included under this patent, relates to a method of reducing the 
friction of rotary engines, by placing the lubricating fluid in one or more 
reservoirs, under a pressure a little superior to the force of the steam, 
which presses upon the piston, for the purpose of forcing it into every crevice, 
and between all the moving parts of the engine, where there is a liability of 
leakage of steam, so as to prevent both the loss of steam when these parts wear, 
and the reduction of friction to its minimum. The arrangements for this pur- 
pose we have not space to describe. 

For preventing or lessening the concussions to railway carriages upon stopping 
or starting, a contrivance, called the “ buffing apparatus,” has been resorted to 
on the Liverpool and Manchester, and other railways. This apparatus consists 
of a series of rods and levers, acting on springs similar to the elliptical carriage 
springs ; the contrivance is complex and expensive, and it is found to commu- 
nicate to the carriages of a train a swinging lateral motion, which causes much 
friction, and renders the vehicles liable to be thrown off the rails. To obviate 
these disadvantages, Mr. T. F. Bergin, of Dublin, took out a patent for an 
invention on the 4th March, 1835, which consists of a combination of coiled 
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springs, with rods proceeding from end to end of the carriage, designed not 
only to prevent the concussions at stopping or starting, but likewise any 
prejudicial effects taking place, in the event of two trains coming into con- 
tact ; also to receive and transmit the motion of one carriage to another free 
from that abruptness wliich is alike unpleasant to the passengers and detrimental 
to the vehicles. 

The following Pig. 1 represents a side elevation of one of the Dublin and 
Kingstown railway carriages, with Mr. Bergin’s invention applied to the same. 
Fig. 2 is a plan of the under part of the same, the body being removed, a a 
represents a slight frame, made of two similar plates of iron, screwed to each 



other about three inches apart, and resting upon turned bearings in the centres 
of the axles. A wrought-iron tube h h, about three inches in diameter, the 
entire length of the carriage, and extending about two feet beyond each end, 
is supported on this frame by rollers, which allows the tube to be moved thereon 
lengthways with facility. On this tube is placed, at either end, within the frame 
of the carriage, about four feet of helical springs c c, of graduated strengths ; 
one end of each of these sets of springs abuts against a strong collar d, fixed to 
the tube h, and the other end against a small box of iron attached to the frame, 
and furnished with one of the bearing rollers before-mentioned, also with two 
friction-rollers resting against the inner side of the carriage-frame end. To each 
extremity of the tube i 6 is attached a buffer-head //, by means of a rod of iron 
passing through the tube, and connected to the buffer-heads by screwed nuts 
sunken below their surfaces. At the back of each buffer-head is a cross-bar g, 
to which, by chains and hooks, the carriages are attached together. This appa- 
1-atus lies loosely on the axles, and is perfectly independent of the frame-work 
of the carriage, which is sustained by springs in the usual manner ; and there 
are long vertical slots,made in the framing, through which the buffing-tube 
Trasses, which permits the frame to rise or fall, according to the pressure of the 
load thereon, without affecting the height of the buffing apparatus above the 
road. 
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The action is as follows The train being moved in the direction of the an ows. 
the locomotive power is applied to the cross-bar^, and draws forward the central 
tube h, thereby compressing the springs cc between the collar d and the friction 
roller-box /, which rests against the end of the carriage frame, without moving 
the latter until the elastic force of the compressed springs becomes sufficient to 
overcome the resistance presented by the friction of the carriage and load. 
The carriage then begins to move forward so slowly, as almost to be imper- 
ceptible to persons seated within ; the second and each succeeding carriage in 
the train is by similar means brought from a state of rest into motion. In 
case of one carriage running against another, the resistance is offered by the 
furthest end; the effect being to drive the tube h forward, compressing the 
springs at the opposite end from which the concussion is given and the carriage 
will be but little affected by the blow, until the elasticity communicated to the 
springs, by compression, overpotvers the resistance of the carriage, which then 
begins to move, actuated by a force just sufficient to start it. The coiled springs, 
which, as before stated, are four feet in length, have a range of action of about 
two feet, beginning to be compressed by a force equal to about twenty pounds, 
and presenting a total resistance to entire compression of upwards of two tons. 
A spring of this strength, the patentee states, has been found suitable for car- 
riages weighing, when loaded, about four tons. It will be observed, that the entire 
resistance to the action of the springs is on the ends of the carriage frame ; the 
middle of each is armed with a strong plate of iron, about fifteen inches square, 
through which pass the tension rods h h. Tig. 2, to the outer angles of the oppo- 
site ends of the frame ; consequently, these rods receive the entire force of the 
springs. The springs at either end of each carriage act totally independent of 
those at the other end, and of all the carriages in the train, except that to 
which they are attached ; each has therefore to bear only its own share of the 
resistance of the entire ,ti'ain, the sum of which is made up of the separate 
resistances of all the springs acted upon. Mr. Bergin states the advantages 
anticipated from his invention have already been fully realized, by the perfectly 
steady motion of the trains to which it has been applied ; and he contemplates 
its employment to locomotive carriages on the common road. 

Some improvements applicable to locomotive carriages for railways as well 
as turnpike roads, were patented on the 17th March, lti35, by Mr. Butters 
Bacon, of Sidmouth Street, Regent Square, which will be readily comprehended 
by reference to the figure on the opposite page, in connexion with the fol- 
lowing description. 

The frame of the machine, as shown at a a, is of the usual form ; but it 
extends to the rear sufficiently for a convenient fuel room and engineer’s stand. 
The wheels are of common structure, being made of cast or wrought-iron, with 
arms, flanged rims, and fixed naves ; they are attached to their axles 
respectively, and these, made of iron, project through the naves and run in 
boxes, as seen at 6; these boxes being capable of exact adjustment, so as to level 
the engine. The driving wheel is attached to the frame, and works in boxes ; but 
its rolling friction on tlie railway is regulated by a spiral spring and lever, and 
the pressure of the roller d, as hereinafter described. This driving wheel, as 
introduced by a line at c, is moved by the rolling friction produced by applying 
the roller d to its periphery, as seen at e, the larger periphery of the rollers d 
being in contact with one of the smaller concentric rollers, as seen at/; this 
set of rollers being put in motion by the pinion at g, which takes into the teeth 
cut in the periphery of the wheel h, attached firmly to the set of rollers, and 
revolidng with them upon the same axis, so that when the pinion at g turns 
under its axis towards the smoke-pipe, the wheel h and the set of rollers turn 
over their axis in the same direction, whereby the roller d turns, under its axis 
in the same direction, and the driving wheels over their axis forward, the 
driving wheels being firmly fixed to the same axis. 

It will be perceived that the roller d is sustained in its position bearing upon 
the top of the driving wheel by a perpendicular standard, which descends to 
the boxes of the driving wheels, and is so connected with the axle of the 
driving wheels by means of bearing on its axle, or by means of two pair of 
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screws attached to the frame, and hearing on its axle by plates connecting each 
pair of screws together, the screws taking into boxes fixed upon the frame in 
any convenient mode ; and these plates being pressed down by the screws upon 
the roller axis, as that the friction surface of the roller d shall always be kept 
closely in contact with the friction periphery surface, or the periphery of the 
flange of the driving wheels, and thereby force this to turn on the railroad, it 
being seen that the driven roller i on the same axis with the roller (f, is forced to 
turn by the driving concentric roller before mentioned, of which there are three in 
the same axis, as the toothed wheel k, that takes into the pinion g. 

This pinion is supposed in the specification to be turned by the revolution of a 
rotary engine, contained within a cast-iron case p ; but it does not appear that 



Mr. Bacon has sufficiently considered this part of his apparatus, as we cannot per- 
ceive any abutment for the steam, that would enable it to give any motion at all. 
The steam, after passing out of the engine, is to pass through the cylindrical tank 
X, to heat the supply water, before entering the chimney. The axis of the set of 
pressure rollers is suspended by the vertical arm above, and the lower end of 
the latter is connected to one extremity of the lever i, whose other end is con- 
nected to an upright lever j, whose fulcrum is at k, so that when the engineer, 
who is stationed in the rear of it, draws it towards him, the set of rollers is 
pressed forcibly against the roller on the same axis, as the roller tZ, which axis 
is held in its position by the horizontal bar I, and the perpendicular standard. 
This standard is’ so constructed, that by means of any mechanical force, the 
roller d is made to bear with increased force upon the driving wheels. This 
standard may permit the axis of the roller d, and the axis of the driving wheels, 
to approximate mathematically and mechanically, as maybe needful to give 
effect to such increased force or closer contact. The pressure upon the driving 
wheels may be thus varied. Let the after bearing wheels be raised by moving 
the arm m, Which is a bent lever, towards the front of the engine, until the weight 
of it is chiefly sustained upon the forward bearing wheels, and the driving 
wheels being placed sufficiently in rear of the centre of gravity to sustain the 
weight in all ascending planes, when it is essential that the weight should be 
thrown upon the driving wheels. Wlien turning a bend in the road, the bear- 
ing wheels are made to turn by means of the arm or lever n, and the bars b, 
the longer one of these bearing upon the extremity of the forward axle shoulder. 
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and the shorter connecting the end of this compound lever as seen at p, so that 
when the lever, or arm n, is drawn towards the front by the engineer, the longer 
bar is moved forward, and the shorter back, and thereby the wheels are turned 
conformably to the bend of the road : if the bend is to the left hand of the loco- 
motive course, and, by a contrary movement of the lever, if the bend is to the 
right, they are turned conformably to the bend. At r is the bellows-wheel, 
which is turned by a band from one of the set of rollers ; by this means the air 
is forced into the furnace at s. 

The construction of the smoke pipe is so contrived, that there shall be within, 
at the bottom thereof, a recess where there is no current, but into which the 
cinders are thrown by force of the current, there, ceasing to be impelled by this 
force, they settle by their own gravity, while the smoke which has not been 
impelled, ascends by the continued force of the draft. This improvement in 
the construction of smoke pipes, is applicable to steam-boats, and to standing 
engines, and is stated to be of great value, from the security it alTords against fire. 
The tank is connected with the boiler by a steam tube, and a water tube, so 
that by the former, the pressure of steam in both vessels may he equalized, 
while the water is allowed to run through the latter into the boiler, t is the 
fuel house, and u the engineer’s station. 

Every circumstance relating to locomotion on railways having become of 
importance, nothing escapes investigation, nor attempts at amelioration. 
Amongst the many apparently trivial matters to which attention is necessary to 
enable a locomotive machine to work well, is that of the lubricating substance. 
The sagacity of Mr. Henry Booth, of Liverpool, has led him to effect an im- 
provement in this respect, for which he obtained a patent on the 14th of April, 
1835 ; which he has denominated “ The Patent Axle Grease, and Lubricating 
Fluid.” These, according to the specification, are chemical compounds of oil, 
tallow, or other grease, and water, effected by means of the admixture of soda 
or other alkaline substance, in such proportions, that the compounds shall not 
be of a caustic or corrosive nature, when applied to iron or steel, but of an 
unctuous greasy quality, easily fusible with heat, and suitable for greasing the 
axle-bearings of carriage wheels, or the axles, spindles, and bearings of machi- 
nery in general. The proportions of the ingredients, and mode of compounding 
them, are stated to be as follow : — 

“For the axletrees of carriage wheels, a solution of the common washing 
soda of the shops, in the proportion of half a pound of the salt, to a gallon of 
pure water ; to one gallon of this solution, add three pounds of good clean 
tallow, and six pounds of palm oil. Or instead of the mixture of palm oil and 
taUow, add ten pounds of palm oil, or eight pounds of firm tallow. The tallow 
and palm oil, or either of them, and the solution as described, must be heated 
together, in some convenient vessel, to about 200° or 210° of Fahr. and then 
the whole mass must be well stirred or mixed together, and continually agitated, 
until the composition be cooled down to 60° or 70° of Fahr. and have obtained 
the consistency of butter, in which state it is ready for use. 

The patent lubricating fluid, for rubbing the parts of machinery in general, 
is thus made : to one gallon of the aforesaid solution of soda in water, add of 
rape oil, one gallon ; and of tallow or palm oil, one quarter of a pound. Heat 
them together, to about 210° of Fahr. and then let the fluid composition be well 
stirred about, and agitated without intermission, until cooled down to 60° or 70°, 
when it will be of the consistence of cream. If it be desired thicker, a little 
addition of tallow or palm oil renders it so. 

It has been observed that the deflection of the railway bars, by heavy 
carriages passing over them on the Manchester and other lines of road, absorbs 
a considerable portion of the tractive force ; besides producing, by their 
vibratory action, an earlier destruction of the stationary, as well ^ the loco- 
motive mechanism. To provide a remedy for these apparent defects of the 
ordinary system, Mr. John Reynolds, of Neath, has proposed to give to the 
rails, bars, or plates, an equal support in every part of their length, so that they 
shall not be susceptible of depression or deflection ; and this he proposes to 
effect by two methods, for which he obtained a patent on the 5th May, 1835. The 
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first is by cast-iron bearers laid and Joined end to end, and in such manner as 
to be incapable of vertical or lateral movement, independently of those next 
adjoining to it. The rails, bars, or plates, over which the carriage-wheels are 
intended to run, may be either cast on and with the bearers, or they may be 
separate. The second method is by bearers formed by blocks of natural or 
artificial stone, joined end to end, and bedded in the roadway, and secured in 
such manner together, that they can only move in concert. A great variety of 
forms of rads, founded upon the basis of construction just mentioned, have been 
made by Mr. Reynolds : it will only be in our power to notice here two or 
three of them. The annexed figure shows a vertical section of one of the most 
approved forms, in which the ballasting that it is imbedded in, shown at a a, is 
of less depth than the bottom 
of the stone sleepers gene- 
rally used, and of considerably 
less depth than the bottom of 
the excavation and ballasting 
on the London and Birming- 
ham railway. 

The form of the bearing 
rail for the carriage wheels is 
shown at b, and that of the 
hollow support and lateral 
inclined plates at e c. They are fastened end to end by means of “ snugs,” or 
projecting pieces cast to them, of such forms as that, when placed in juxta- 
position, a key or wedge is driven into an aperture fonned by their union, 
which holds them firmly together. The blocks of natural or artificial stone are 
to be joined by the various modes known to masons, and the iron rail above, 
whether of wrought or cast iron, are also 
to be fastened by means equally well 
understood to need explanation. The 
annexed section represents another cut 
of the numerous designs given by the 
patentee ; w represents a wrought- 
iron rail, resting upon and fastened to 
a sill of timber t, enclosed betw'een 
the bearing plates g g, which, together 
with the fin d, are imbedded in the 
ballasting. 

The advantages contemplated by 
the patentee are — 1, a great saving in 
excavation and ballasting ; 2, a saving 
of the cost of materials and laying 
down ; 3, in maintenance of way or 
permanence of work;' 4, saving the 
repairs of engines. Some rails on 
this construction are laid down ex- 
perimentally on the Liverpool and 
Manchester line, and apparently stand 
the test very satisfactorily. 

Mr. Thomas Parkins, of Dudley, has had a patent for a similar object to the 
foregoing, which is dated the 3d of December, 1835. It consists in forming 
continuous sleepers of vitrified earth (burnt clay), which the patentee states are 
as hard and durable as granite, and impervious to the weather. The following 
Fig. 1 gives a cross section of Mr. Parkins’s railway, and Fig. 2 a side elevation 
of a portion of it. The vitrified blocks or sleepers are shown at aaa; each 
sleeper is 13 inches^t the base, five at the top, twelve deep, and nine long, and 
locks into the other, thus forming a continuous mass along the whole line of 
road. The joining is effected by a projecting tongue b, which fits into a corre- 
sponding recess made in each block. A groove c is moulded longitudinally in 
the top of the sleepers, into which the rib of a wooden bearer d (four inches at 
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the base, four deep, two wide at the top, and twelve feet or more long) is placed ; 
and is bedded upon patent felt ; on this wooden bearer is fixed an iron bar e e, 
for the wheels of the carriages to run upon ; this bar or rail being also bedded 
upon felt. 



Mr. Parkins gives the preference to the arrangement described ; but be pro- 
poses, in certain cases, to dispense with the wooden bearers d d, and to place iron 
rails of the ordinary kind at once into the g^-oove c. 

A variety of novel combinations of mechanism for steam carriages were patented 
on the 6th Dec. 1835, by Mr. W. Carpmael, of Crawford-street, as tbe agent of a 
French gentleman. In the space which we can devote to notice it, it would be 
quite impracticable to convey an intelligible idea of the numerous ingenious con- 
trivances the specification sets forth ; we shall, therefore, merely state, that the 
boiler consists of two parallel rows of large vertical tubes for the water, so 
placed in a quadrangular case, as to divide it into three compartments, the 
middle one of which is the largest. In this middle chamber is put the fuel, 
coals ; and in the two small chambers in the other sides of the two rows of 
tubes, is put another kind of ftiel, coke. The combustion of the coals is excited 
by a fan-wheel, placed under the grating of the coal chamber, and the smoke 
and other mflammable matter that escapes from this fire-place is conducted 
between the tubes and over the coke fires, by which arrangement the smoke 
and carbonaceous matters will, it is fairly presumed, be inflamed, and the 
caloric thus extricated be beneficially employed in the generation of steam. The 
steam chambers, consisting of capacious horizontal tubes, close up the tops of 
each of the furnaces ; and the steam is conducted through regulating valves and 
pipes to the engines situated in the bed of the carriage frame. Many of the 
subordinate contrivances exhibit considerable mechanical talent, and afford pretty 
strong evidence that our Gallic friends will soon run a race with us by steam. 

Mr. John Blyth, a young engineer of excellent abilities, residing at Lime- 
house, obtained a patent on the 31st of December, 1835, for “an improved 
method of retarding the progress of carriages in certain cases,” which is 
extremely simple and effectuah It consists of a friction wheel, fixed on to the 
inner side of the nave of the running wheel i(or wheels) ; around this is brought 
a friction band, and hence it is conducted and made fast to the candage body, 
in such manner that when descending a hill or inclined plane, the carriage body 
slides forward and draws the friction band against the friction wheel. The 
natural force of gravity is thus admirably employed to counteract its incon- 
veniences “ in certain cases and it will be observed that the force of retarda- 
tion will be exactly as it is required ; that is, in proportion to the inclination of 
the plane on which the carriage is descending. ' 

To obviate that lateral and serpentine motion of railway carriages, arising 
from the ordinary construction of the “ buffing apparatus,” we have already, a 
few pages back, described the invention of Mr. Bergin. Another invention, 
designed to effect the same object, has been recently introduced by the intelli- 
gent Mr. Henry Booth, of Liverpool, for which that gentleman obtained letters 
patent dated the 23d of January, 1836. 
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The following engraving. Fig. 1, shows the mode in which railway carriages 
have usually been attached to each other by a simple chain, the bufl'ers of one 



carriage not coming in contact with those of another, but each carriage being 
allowed, when moving onwards, a lateral oscillating motion. Figs. 2 and 3, 
show Mr. Booth’s method of connecting them ; a is the connecting chain 
attached to the draw-bar of each carriage, and consists of a double working 
screw (working within two long links or shackles), the sockets of which are 
spirally threaded to receive the screw bolts, which are fastened together by a 



pin and cotter, so that by turning the arm or lever Z of the said screws, the 
connecting apparatus is lengthened or shortened at pleasure, to the extent of 
the long links or shackles above alluded to, in which they work. This screw- 
chain being placed on the hooks, or turned up ends of the carriage draw-bars 

d, the buffers b of each adjoining carriage being first brought close, or nearly 
cbse together, the lever Z is turned round a few times till the draw-bars d are 
drawn an inch or two beyond their shoulders, on the face of the carriage frame 

e, stretching the draw-springs, to which the draw bars are attached, to the extent 
of a fourth or fifth part of their elasticity ; and by that degree of force attaching 
the buffers of the adjoining carriages together, and giving by this means, Mr. 
Booth states, “ to a train of carriages, a combined steadiness and smoothness of 
motion at rapid speeds, which they have not when the buffers of each carriage 
are separate from those of the adjoining carriage.” is a weight to keep the 
lever in a vertical position, and prevent the unscrewing of the chain when in 
action. The patentee does not claim under this patent the parts described 
separately considered ; but he claims their combination and joint action, and 
“ the consequent close but elastic attachment of the carriages to each other 
which constitutes my improvement applicable to lailway cairiages.” 
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The same patent includes a very pretty and useftil contrivance of this original- 
minded inventor, which is thus described by him : — “ And my improvement 
ajiplicable to the locomotive engines which draw the railway carriages, 1 d_eclare 
to be a new mode of checking the speed of the engine, or stopping it altogether, 
which is effected by introducing a throttle valve, slide, or damper, into the 
exhausting steam pipe of the engine, commonly called the blast pipe, which is 
usually placed in the chimney in front of the engine, and which throttle 
valve may be most conveniently introduced when the two exhausting pipes are 
united into one below the place where the pipe is contracted in area for the 
purpose of producing a blast to the furnace. From the throttle valve must 
proceed a rod or lung handle extending throngli the chimney to the back part 
of the boiler, so as to lie witliin convenient reach of the engine-man, who, by 
moving the said liaiulle, caii close the slide or throttle valve, either partially, or 
altogetlier, as may be required. And the throttle valve need not be altogether 
steam-tight, but should be made to work freely in its place. The engine-man, 
when he wishes to stop or slacken the speed of the engine, closes or contracts 
his throttle valve without shutting off the steam in its passage from the boiler 
to the engine. The pistons, by that means, are speedily, but not suddenly or 
violently checked, and the driving wheels of the engine no longer revolving, or 
revolving very slowly, the engine is soon brought to a stand. Now I do not 
claim, as new, any particular kind of tlirottle valve, which may be left to the 
judgment of the engineer, provided it be so constructed that, when open, the 
steam may be not contracted, hut may allow the steam to escape freely, as if no 
valve or damper were introduced. But I claim the introduction of a throttle 
valve or damper into the exhausting steam-pipe of a locomotive engine, by 
closing or contracting which, the engine-man can check or stop his engines at 
pleasure.” 

Mr. Massey, a watchmaker of Liverpool, took out a patent on the 23d April, 
1836, for improvements in railway carriages, which merely consists in dividing 
the usual quadrangular framing of the carriage, across the middle, into two 
parts, making two smaller complete frames, and connecting the ends of these 
midway by a stout bolt, with a cotter-key, and washers, so as to enable the frame 
of the carriages to yield to the inequalities of level in the road, and not lift the 
wheels from their bearing on the rails. 

Tunnels . — The adoption of tunnels in lines of railway has been the subject 
of much discussion ; for the most part apparently arising from individuals 
who are interested in the execution of certain lines of railway, in which tun- 
nels are excluded. Many timid and ignorant persons have thus been frightened 
into the apprehension of suffocation from the noxious state of the air, caused 
by the decomposition of the fuel in the locomotive engines. In order to show 
to what extent the air in a tunnel is thus contaminated, Mr. Gibbs, in his report 
already alluded to, observes : “ Let us suppose a tunnel one mile in length, to be 
traversed by a locomotive engine and its train, of a gross weight of 100 tons. 
The experience of the Liverpool and Manchester railway has shown that the 
average consumption of coke is considerably less than half a pound per ton for 
each mile it is carried on a railway; hut taking the consumption at half a 
pound, the whole weight of 100 tons will require the consumption of 50 lbs. of 
coke. It may be calculated that every ten pounds of coke will evaporate a 
cubic foot of water; so that the whole 50 lbs. will convert into steam five 
cubic feet of water in the distance of one mile. Now, to convert into steam one 
cubic foot of water, requires 1950, or say 2000 cubic feet of air ; then five feet 
of water will of course require 10,000 feet, and this will be the whole amount 
of cont aminated air in one mile of tunnel. To determine the proportion of such an 
amount of foul air, and the whole of the air contained in the tunnel, we may take, 
for example, a moderate sized tunnel, .30 feet high, having an area of 800 square 
feet. One mile in length of such a tunnel, will contain 4,22 1,000 cubic feet ; hence 
the contaminated air will bear to the whole quantity in the tunnel, the ratio of 
10,000 to 4,224,000, oritwill be aslto422. It will scarcely after this, appear any 
valid objection to tunnels, to assert that an injurious effect must result firom the 
contaminated air, when we find that the quantity of this description of air 
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produced by the passing of the whole train will be no more than part of the 
whole quantity in the tunnel.” On the preceding page is represented a longi- 
tudinal section of a tunnel, (supposed to be cut through marl, shale, or clay 
strata,) showing the proportion which an engine with its tender and train of 
carriages bears to the size of a tunnel. A transverse section of the same 
tunnel is given in the subjoined figure; in which the irregular diagonal 
lines are intended to represent the form of the strata in marl, shale, or 
plastic clay. In making tunnels through 
strata of this nature, it is an important 
consideration that no springs will en- 
croach ; on the other hand, inverted 
arches become necessary, as shown in 
the figure. 

In the formation of tunnels through 
chalk rocks, the expense is less than 
through any other material ; the excellent 
stone of which it is usually composed 
renders artificial side walls unnecessary, 
while the material will, in some cases, 
exceed the cost of excavation. “ As to 
the expediency of adopting tunnels at 
all,” Mr. Gibbs observes, it is certain 
that this ought not to be admitted until 
after much consideration and investiga- 
tion, with a view if possible to avoid 
them ; yet when, by the introduction of 
a tunnel a positive good might be effected, 
such as a shortening of the line, the 
means of penetrating a difficult summit, or of reaching a country which might 
otherwise be shut out from the advantages offered by the railway, it might pos- 
sibly be great injustice, alike to the shareholders in the imdertaking, and the 
surrounding district, to adhere too rigidly to the determination of excluding 
tunnels.” 




Gradients. — The most important consideration in the construction of railways, 
is the arrangement of the gradients. To effect this an-angement, two distinct 
and opposite systems present themselves, each having its advocates ready witli 
arguments in support of their particular theory. In the one system, the rises 
and falls are distributed over the whole length of the line, in planes of gradual 
inclination ; while the other proceeds on the principle of concentrating the 
acclivities in a few points, and thus gaining the summits at once, by short and 
steep inclined planes, at the same time obtaining levels throughout the rest of 
the line. To decide which of these systems is the most jitdicious, an inves- 
tigation of the principles connected with the laws of retardation becomes 
necessary. 

In Mr. Gibbs’s Report upon the several proposed Lines for the Brighton 
Railway, this subject has been examined and illustrated with great simplicity 
and ability : to this Report we therefore with pleasure refer our readers, 
contenting ourselves with giving the results of his investigatiorrs ; wliich are 
these : — 

First, That on a series of railway inclinations, the power required to transport 
a weight from one given point to another, is precisely the same whatever incli- 
nations are adopted, provided none of these inclinations exceed 21 feet in a mile, 
which is thh limiting slope of a plane, on which the force of gravity becomes 
equal to, and consequently capable of balancing ; or by any increase, of 
overcoming the retqfding force of friction. 

Second, On any series of inclinations, the power required to transport a 
weight both ways, is exactly equal to the power required to convey the goods 
on a level plane. This must be clear if we consider that a certain amount of 
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power must be expended in order to overcome the gravity in ascending, in 
addition to the power employed to overcome the resistance of friction ; and 
also in descending it is evident that a less quantity of power is necessary than 
that required to overcome the friction. Now the increased power in the one 
case is exactly equal to the decreased power in the other case ; the gross 
amount, taking the two together, being equal to that required to overcome fric- 
tion ; this, of course, is equal to the power required on a level ; and hence the 
conclusion, that whatever be the inclinations of a railway, provided none of 
these inclinations exceed 21 feet in a mile, the same power will work the 
railway both ways, as would be required to work the same distance on a level 
rai’.way. 

Statistics of Railways . — The Liverpool and Manchester railway was mainly 
designed for the transport of goods at the rate of about ten miles per hour, 
but it was found that treble the required speed was easily attainable by the 
improvements that were made in the engines; it became, in consequence, 3 
more important object to carry passengers, and the result has been a con- 
tinually increasing aniount in their number. The ingenious Dr. Lardner has 
been at some pains to discover a statistical law, by which the increase of inter- 
communication is governed. The Doctor has made some very interesting 
statements on this subject, which we shall endeavour to compress into a small 
compass. 

Previous to the establishment of the Manchester and Liverpool railway, 
the number of passengers making one trip was 400 per day; immediately 
afterwards it rose to 1200 daily. Since that period the number has regularly 
increased, and it now amounts to 1500, which is a further increase of one in 
four. Previous to the railway there weie twenty-six stage coaches daily 
running between Manchester and Liverpool ; now there is but one. The time 
of the journey by the fastest coaches on the road was three hours ; by the rail, 
it is one hour and twenty minutes. The rate of the fares is similarly reduced. 
This diminution of both the time and expense of travelling has increased 
the passengers fourfold. Between Newcastle and the village of Hexham, the 
effect of the railway there has been to increase the number of passengers from 
1700 to 7060 ; which is also a fourfold increase. Between Dublin and Kingstown 
the increase has been from 800 daily, to an average of 3300 ; also a fourfold 
increase. Having given these examples to prove the ratio of increase, the 
learned Doctor shows that this increase was owing more to the saving of time 
than of money, by reference to the Dublin and Kingstown railway, where the 
price was actually raised higher than by the ordinary vehicles. 

The engraving of the Greenwich railway on page 583 represents a perspective 
view of this splendid work as seen from an elevated position, and looking towards 
London, with the river Thames on the right. This railway, as most of our readers 
know, is a continued viaduct, huilt upon arches twenty-two feet high, and ex- 
tending in nearly a straight hne from London Bridge to Greenwich, thus reducing 
the distance by the road of five miles to three and three quarters; and reducing 
the usual time of transit from fifty minutes to seven. The enlire structure 
reflects great credit upon the engineer. Colonel Landmann, and it will doubtless 
prove a great benefit to the inhabitants of tlie important places it connects. 
The whole line from Loudon Bridge to Deptford, (supported upon upwards of 
800 magnificent arches,) was opened to the public on the 14th of December, 
1836, with the usual pomp, ceremony, and music, that are customary on such 
important events ; the interest of the scene being increased by the attendance 
of the Lord Mayor in state, accompanied by the sheriffs, city officers, and 
numerous persons of distinction. 

In our endeavour to fulfil the undertaking which we announced at page 373, we 
have already, according to our publisher’s report, far exceeded the prescribed 
limits of the work. So very numerous are the inventions on this subject, so varied 
are they in their modifications, and so elaborate in their de^ls, that we have 
found much difficulty in compressing them within their present space ; and in so 
doing- we regret the necessity which has compelled us to clip many of their fair 
proportions. Nevertheless, some few of a very recent date remain unnoticed. 
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These we hope to be able to place before the public, together with some important 
matter relative to the theory of the subject, as well as the actual practice of our 
railway engineers, which we are reluctantly obliged here to exclude. We had 
also in preparation for the engraver a series of views, with plans, elevations, 
and sections of several of the great works now rapidly progressing in the 
various parts of the kingdom ; also some beautiful designs for bridges, tunnels, 
and other railway works, w’hich latter w'ere kindly furnished us by that 
eminent artist and engineer, Mr. Jones, of No. 7, St. Martin’s-place, Charing 
Cross. This gentleman has lately proposed the employment of a spacious carriage, 
to accompany the trains, fitted up with all the conveniences of a steam-boat, for 
the accommodation of the infirm or sick. 

In compiling this article, the Editor has been indebted to the works of 
Messrs. Wood, Tredgold, Palmer, Walker, Stephenson, M‘Neill, Booth, Ras- 
trick, Scott, Lardner, and Gordon ; to the Repertory of Arts, the Jourtml of 
Patent Inventions, the Mechanics* Magazine, the London Journal of Arts, and 
the Transactions of various Scientific Institutions. If, in some instances, he 
has omitted to acknowledge his autliority, it is attributable to the difficulty of 
filing the original author. The greater part of the subjects are, however, 
derived from the Editor’s own resources, collected in his professional avoca- 
tions of reporting upon new inventions, and of procuring letters patent for 
inventors. 
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AIR; resistance of to motion, 439 ; Air-Engine 
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AXLES : see Wbevls and Axles. 
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Caan’s, 377 ; Stephenson’s, 557. 

CHAIRS and PEDESTALS for Rails; Scri- 
vener’s patent, 553 ; Jessop’s, 554; Ste- 
phenson’s, 443 ; Losh’s, 443. 

FRICTION ; treated of under Resistauce. 
HORSE POWER; 375, 377, 433,441,463. 
INCLINED PLANES ; Self-acting, 419: mode 
of working by fixed engines, 415; Thomp- 
son’s patent, 416 ; Scott’s m<^es of ascend- 
ing, 420. 

LOCOMOTIVE CARRIAGES ; Andrews’, 
479 ; Andersoiv’s,548; Bacon’s, 573; Baynes’, 
469; Bergin’s, 570; Blenkinsop’s, 395 ; 
Bombas’, 502 ; Booth’s, 577 ; Braithwaite 
and Erricson’s, 513, 514 ; Bramley and Par- 
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Gurney’s, 389, 469, 472, 498; Hackworth’s, 
515; Hancock’s, 48.5, 489; Hariand’s, 485; 
Heato-i’s, 534; Hick'^’, 568; Hill’s, 468; 
Holland's, 481 ; James’, 45.5, 458 , 466, 5>8 ; 
Materoni and Squire’s, 567; Mann’s, 502; 
Mas-sey’s, 578; Medhurst’s, 501 ; MiUi- 
cliap’s, 568; Moore's, 323; Nai>ier’s, 542; 
Neville’s, 479 ; Palmer’s, G. H., 549 ; 
Rawe aiid Boase’s. 533 ; Kedmund's, 5.32; 
Saxton’s, 5o4; Seaward’s, 477; Snowden's, 
463 ; Stephenson’s, 556 ; Summers and 
Okie’s, 529; Trevithick and Vivian’s, 387 ; 
Vaney and Pocock’.-, 524; Wright's, 5JI. 
LUBRICATION; difference of efiect. accord- 
ding to mode of oiling, 437; Booth’s Patent 
Grease, 574. 


PROPELLERS ; Bnmton’s, 378; Baynes', 449} 
D. Gordon’s, 460; Gurney’s, 471 ; Seaward’s, 
477; Neville’s, 4 79. 

RAILWAYS, edge; Birkinshaw’s improve- 
ments. 409; Badnall’s nndulating, 531 ; Con- 
verse’s, 552 : Dublin and Kingstown, 580; 
Greenwich, 582; Grime’s, 548; Hawks’, 409; 
James’, 465 ; Jessop's, 554 ; Losh and Ste- 
phenson’s, 403; Losb’s,414, 443; Manchester 
and Liverpool, 525 ; Parkins’ sleepers, 573 ; 
Reynolds’ continuous bearing, 575; Scrive- 
noi^s, 553; Stephenson's, 443, 560; Wyatt's, 
381, 385, 394. 

tram ; first at Colebrook-dale, 376 ; 

Carr’s improvement, 377 ; Le Caan’s, 379; 
Losh and Stephenson's, 405; Woodhouse’s, 
383. 

suspension ; Dick’s, 503 ; Fisher’s, 

467; Midgelj’s, 478; Palmer's, 405. 

serrated; Blenkinsop’s, 395 ; Eas- 
ton’s, 475; Snowden’s, 462; Trevithick 
and Vivian’s, 387. 

pnuematie ; Vallance’s and Pin- 

kus’ patents; see article Am. 

— wooden ; construction of double 

and single ways, .374. 

RESISTANCE; resistance to carriages on 
various kinds of rails, 433 ; on different 
inclinations, 434 ; to the rolling motion of the 
■wheels, 434; to sliding moth n at the axles, 
separately shown. 435 ; \ ariations according 
to nature of bearings, 4.?6; ditto as. respects 
the mode of oiling, 438 ; resistance by the 
air at different velocities, 439. 

SLEEPERS : wooden, 375; stone first used by 
Barnes, 377; Parkins’ vitrified, 575. 

TUNNELS to Hailways. 578 

WAGGONS. Railway; Palmer’s substitutes, 426; 
Frandreth’s patent, 476 ; Barry's, 446 

WHEFLS AND AXLES; Losh and Stephen- 
son’s patent, 40it, 464; Brandling’s, 468; R. 
Stephenson’s. 477, 542 ; Howard’s, 490 ; 
Winans, 526; Hanson’s, 533 ; Losh’s, 534; 
GUIet’s, 535 ; Hunter’s, 536 ; G. Stephen- 
son’s, 549 ; Fonest^s, 549 ; WMtsides, 569. 
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RAISINS. Grapes, prepared by sufietiog them to remain on the vine till 
they are perfectly ripe, and then drying them in the sun, or by the heat of an 
oven. The difference between raisins dried in the sun, and those in ovens, is 
very obvious ; the former are sweet and pleasant, but the latter have a latent 
acidity with the sweetness, that renders them much less agreeable. Those 
raisins that are packed in jars, are dried in the sun. 

RAKE. A tool used in horticulture, containing a series of iron teeth or 
prongs, affixed at right angles, to the end of a long handle, by which the sur- 
face of the earth is smoothed, or combed as it were ; or, it is sometimes used 
for raking together weeds, stubble, stones, &c. The harrow used in agriculture 
may be regarded as a rake on a large scale. 

RAM. A machine for raising water. See Hydraulic Machines. 

RAM, Battering. See Battering Ram. 

RANCIDITY. That sensible change which first takes place in oils, when 
exposed for some time to the air ; supposed by chemists to be analogous to the 
oxidation of metals. For it appears that the processes employed to counteract 
rancidity, d^end upon the combination of oxygen with the extractive principle, 
with which the oily principle is naturally combined. 

RAREFACTION. The act whereby a body is brought to occupy more 
space, or expand into a larger bulk, without the apparent accession of any new 
matter. This is commonly regarded as the effect of heat, or the matter of 
caloric, repelling the particles of the body rarefied farther from the centre of 
aggregation. 

R.ASP. A species of file, on which the cutting prominences are distinct, being 
raised by punching with a point, instead of cutting with a chisel. 

RATAFIA. An alcoholic liquor prepared from the kernels of various kinds 
of fruits. Ratafia of cherries is prepared by bruising the cherries, and placing 
them in a vessel which has contained brandy for a considerable time, then 
adding to them the kernels of cherries with strawberries, sugar, cinnamon, 
white pepper, nutmeg, cloves, and to twenty pounds of cherries, ten quarts of 
brandy. The vessel is left open ten or twelve days, and then stopped closely for 
two months before it is tapped. There are two modes of preparing ratafia of 
apricots. The first, and most usual method, is by boiling the apricot in white 
wine, adding to the liquor an equal quantity of brandy, with sugar, cinnamon, 
mace, and the kernels of apricots ; infusing the whole for eight or ten days ; 
then straining the liquor, and putting it up for use. The other mode is by infiis- 
ing the apricots, cut in pieces, for eight and forty hours, passing it through a. 
straining bag, and then putting in the usual ingredients. 

EATAN. A kind of cane much employed in the useful arts. They grow 
in profusion along the banks of rivers, in parts of Asia and the neighbouring 
islands. All the species are very useful, and are applied to various purposes ; 
the fruit and young stems of all furnish nutriment, and a drink is obtained 
from the liquid, which flows from wounds made in the plant. One species is 
even cultivated for its fruit, which is about the size of a walnut, and covered 
with scales. Certain species furnish cables, cords, and withes, of exceeding 
strength ; others are split into strips for making the seats and backs of chairs, 
baskets, and other light and elegant articles of furniture ; those which are larger 
and firmer, and whose joints are more distant, afford elegant walking-sticks ; in 
short, the economical purposes to which the various species of ratans are applied, 
are very numerous, even in northern climates. A trade in ratans, to consider- 
able extent, is carried on from several of the East India islands to China, which 
is the principal market for them. 

RATCH. A bar containing angular teeth, into which a pall drops, to pre- 
vent machines from running back. 

R.ATCHET-WHEEL. A circular ratch, or wheel, having similar teeth to 
the foregoing, and employed for a similar purpose. 

R.ATIO. The relation which one quantity bears to another, in respect of 
magnitude or quantity ; the comparison being made by considering how often 
one of the quantities contains, or is contained in, the other. Thus if 12 be com- 
pared with 3, we observe that it has a certain relative magnitude with respect 

VOL. II. 4 E 



£86 


REFRIGERATORY. 


to 3 ; it is four times as great, or contains three four times. But in comparing 
it with 6, we discover that it has a different relative magnitude with respect to 
6, for it contains 6 but twice. 

RAY. A line of light, proceeding from a radiant point, through a translu- 
cent medium. 

RAZOR. A keen edged instrument used for shaving. 

REACTION. The action by which a body acted upon returns the action by 
a reciprocal one imon the agent. 

REALGAR. The native sulphuret of arsenic. 

RECEIVER. Receivers are chemical vessels, adapted to the necks or 
beaks of retorts, alembics, and other vessels, to receive the products of distilla- 
tions, &c. 

RECTIFICATION. A repetition of the process of distillation, by which 
the product is purified, or freed from certain contaminating qualities. 

REED. That part of a loom resembling the teeth of a comb, between which 
the threads of the warp are separated. 

REELS. Rotatory cylinders, or frames, on which lines, threads, &c. are 
wound. 

REEMING. The opening of the seams between the planks of vessels, by 
caulking irons, for the purpose of caulking or re-caulking them with oakum. 

REFINING, in general, is the art of purifying any thing; but the term is 
commonly understood to apply to the purification of metals, particularly gold 
and silver, from the alloys with which they may be mixed. As gold and silver 
alone can resist the combined action of air and fire, there is a possibility of puri- 
fy ing gold and silver from aU alloy of the other metals merely by the action of fire 
and air, only keeping them fused till all the alloy be destroyed; but this purifi- 
cation would be very tedious and expensive, from the great consumption of fuel. 
Silver alloyed with copper has been exposed above sixty hours to a glass-house 
fire, without being perfectly refined : the reason is, that when a small quantity 
only of other metals remains united with gold and silver, it is protected from 
the action of the air, which is necessary for its combustion. This refining of 
gold and silver merely by the action of fire, which was the only method 
anciently known, was very tedious, difficult, imperfect, and expensive ; but a 
much shorter and more advantageous method has been long practised. This 
consists in adding to the alloyed gold and silver, a certain quantity of lead, and 
in exposing this mixture to the action of fire. The vessel in w'hich the refining 
is performed, is hollow, but shallow, that the matter which it contains may pre- 
sent to the air the greatest surface possible. This form resembles a cup, and 
hence it is called a cupel. The surface ought to be vaulted, that the heat may 
be applied to the surface of the metal during the whole time of the operation. 
Upon this surface, a dark-coloured crust or pellicle is always forming; but when 
all the other meteds are dissipated, the surface of the gold and silver is seen 
clear and brilliant ; which indicates that Uie metal is free from alloy. 

•REFLECTION, in Mechanics, is the return or regressive motion of a move- 
able body, arising from the reaction of another body on which it impinges. The 
reflection of bodies after impact, is attributable to their t.usticity ; and the more 
perfectly they possess this property, the greater will be their reflection, all other 
circumstances being the same. In case of perfect elasticity, they would be re- 
flected back again with the sqme velocity, and at an equal angle with which they 
met the plane ; that is, the angle of incidence would be equal to the angle of 
reflection, and the velocity, both before and after impact, would be the same at 
equal distances from the body on which they impinge. 

REFRACTION, in Mechanics, is the deviation of a body in motion from its 
original course, arising from the different densities of the several parts of the 
medium through which it passes. Or, it is that change of deterriiination which 
a moving body undergoes in passing out of one medium into another of a differ- 
ent density. 

REFRIGERATORY, in Chemistry and Distillation, is a vessel for cooling 
liquids, or condensing vapour into liquids, by the application of cold water. 
1 he common worm-tub is a specimen ; but refrigeratories are of numerous 
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other forms, and may of course he varied infinitely, to suit the peculiar objects 
for which they are designed, or the means at command for constructing them. 
See Distillatiox, Alcohol, and Condenser. 

REGISTER. An aperture or valve placed in a chimney, stove, or furnace, 
furnished with a turning or sliding door, for regulating the quantity of air to be 
admitted to the fire, or to open and shut the communication with the chimney 
at pleasure. 

REGULUS. A term that was given by chemists to metallic matters when 
separated from their ores by fusion. It has since been applied to the metal 
extracted from the ores of the semi-metals, which formerly bore the name that 
is now given to the semi-metals themselves : thus we have regulus of antimony, 
regulus of arsenic, &c. 

RELIEVO, or Relief, are terms applied to that mode of working in sculp- 
ture by which figures are made to project from the ground or body on which 
they are formed, and to which they remain attached. The same term is used, 
whether the figure is cut with the chisel, modelled in clay, or cut in metal or 
other substance. There are three kinds of relievo ; — First, alto-relievo, (or high 
relief,)when the figures are so prominent from the ground, that merely a small 
part of them remains attached to it. Mezzo-relievo, (or half relief,) when one 
half of the figure rises from the ground, in such manner that the figure seems 
divided by it. Basso-relievo, (or low relief,) when the work is raised but httle 
from the ground, as in medals, and generaUy in friezes, and other ornamented 
parts of buildings. Low-relief, or bas-rehef, is the comprehensive term by 
which all works in relievo are usually indiscriminately denominated. 

RENNET. The coagulum prepaied firom the stomach of a calf, employed 
in making cheese. 

REPULSION, in Physics, that property in bodies, whereby if they are placed 
just beyond the sphere of each other's attraction of cohesion, they materially recede 
and fly off. Thus, if any oily substance fighter than water be placed upon its 
surface, or if a piece of iron be laid over mercury, the surface of the fluid will 
be depressed about the body which is laid on it. This depression is manifestly 
occasioned by a repelling power in the bodies, which prevents the approach of 
the fluid towards them. But it is possible in some cases to press or force the 
propelling bodies into the sphere of each other’s attraction ; and then they will 
mutually tend towards each other, as when we mix oil and water till they are 
incorporated. 

RESIN. A solid inflammable substance of a vegetable origin, and soluble 
in alcohol ; it resembles gum in appearance, but differs from it chiefly in its in- 
solubility in water ; in which gum is soluble, and not in alcohol. Resins appear 
to have been volatile oils rendered concrete by the absorption of oxygen. The 
exposure of these to the open air, and the decomposition of acids applied to 
them, evidently prove this conclusion. The balsams of capivi and Mecca, tur- 
pentines, tamahaca, and elemi, are reckoned amongst the purest of resins, being 
perfectly soluble in alcchol. Others which are less pure, and not wholly soluble 
in alcohol, owing to combinations with extract, gum, &c., are among the most 
useful in the arts, such as mastic, copal, sandarach, guaiacum, laudanum, and 
dragon’s blood. What is most generally known by the name of resin, or rosin, 
is the residuum left after distilling the essential oil from turpentine, and which 
is run or ladled out of the still into casks, cut in half, for sale. Its colour is 
more or less dark, sometimes approaching to black, according to the degree the 
distillation has been carried. In commerce, this product is called hrown rosin. 
The yellow rosin is made by ladling out the brown rosin from the still, into a 
vessel of hot water ; a violent effervescence ensues, and the rosin absorbs one- 
eighth of its weight in water. It is more friable than the brown rosin, but the 
lighter coloilr of the yellow adapts it better to some purposes. 

RESISTANCE, in fluids, is that opposition to the motion of a body which 
arises from the inertia, tenacity, and friction of the parts of the fluid in which 
it moves. If any body move through a fluid with a given velocity, it will 
evidently displace a certain number of particles with a given velocity ; but in 
thus giving motion to the particles of fluid, it must lose a part of its own, which 
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loss of motion is the effect of resistance. When a body changes its velocity, the 
resistance is not changed in the same proportion ; for if a body move with 
double its former speed, it will manifestly set in motion twice as many par- 
ticles, and each of these particles will be moved with double its former velocity. 
In the same way, if the velocity be tripled, three times the number of particles 
must be put into motion with a triple velocity. Thus it appears that a double 
velocity produces a fourfold resistance, a triple velocity a ninefold resistance, 
that is, the resistance increases proportionally to the square of the velocity. 
The resistance is also increased in the same proportion as the area of the plane 
immersed; it is also increased as the density of the fluid medium. If the plane 
does not move with its face perpendicular to the direction of its motion, the 
resistance will be diminished, both on account of a less surface being exposed, 
and the oblique action of the particles on the plane. From these two causes 
the resistance will be diminished as the cube of the sine of the angle that the 
plane makes with the direction of its motion. The resistance is the same, 
whether the body move in the fluid, or the fluid move against the body. The 
absolute resistance to a given plane, by a fluid acting with a certain velocity 
perpendicularly to its face, is equal to the weight of a column of fluid, whose 
base is the plane and height equal to that through which a heavy body must 
fall to acquire the given velocity : a consideration of the law of resistance, a 
limit to our speed in navigation, which soon becomes insuperable. 

RESOLUTION OF FORCES, or resolution of motion, is the act of dividing 
any single force or motion into two or more others, in difierent directions ; or 
of finding the quantities of two or more forces or motions, which, taken 
together, shall produce the same quantity of force or motion with the given 
one, and in the same direction. This is the reverse of Composition of Forces 
or Motion ; which see. 

RETARDATION. The act of checking or diminishing the velocity of a 
body in motion. The two grand causes of the retardation of moving bodies 
are, the resistance of the medium through which the body moves, and the action 
of gravity. Some have confounded the retardation from the resistance, with the 
resistance itself : and this is not surprising,; for, with respect to the same moving 
body, they are in the same ratio. But it often happens, with respect to different 
bodies in motion, that the very same resistance will produce different retardations. 
This may be instanced in two bodies of equal bulk, but of different densities, 
moving through a fluid with equal velocities; the fluid in this case will act 
equally on each, that is, the resistance will be equal ; but it is plain that the 
retardations will not be equal ; for the velocities being given, the denser body 
will have the greater momentum, and, consequently, will be retarded the 
least. 

RETORT. A vessel of glass, iron, or vitrified earth, used in distillatory 
processes in chemistry, for which purposes they are usually of a pear shape, 
with a long beak ; but for the preparation of illuminative gas, and other great 
manufactures, they are usually of cast iron, and modified in a great variety of 
ways. 

REVERBERATORY. A furnace or oven, wherein the flame, or current of 
heated gases from the fuel, is caused to reverberate, or be reflected down upon the 
substance under operation, before passing into the chimney : such re verberatories 
are therefore usually made with dome tops, against which the flames, &c. first 
impinge, and then curve downwards upon the bed of the furnace. 

RHODIUM. A new metal, discovered by Sir H. Davy amongst crude 
platina; specific gravity, 11. It unites easily with every metal with which it 
has been tried, except mercury : with gold or silver it forms a very malleable 
alloy, not oxidated by a high degree of heat, but becomes encrusted with a black 
oxide, when slowly cooled : one-sixth of it does not perceptibly alter the colour 
of gold, but renders it much less fiisible. 

RICE. A hard, white, farinaceous, and very nutritive grain, which grows 
in the East and West Indies, and other warm climates ; it grows to the height 
of about 2J feet, with a stalk not unlike that of wheat, but fuller of joints, and 
with leaves resembling those of the leek. It branches out into several stems. 
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at the top of which the grain grows in clusters, and each of them is terminated 
with an ear or beard, enclosed in a yellow, rough husk. When stripped of this 
rough coat and a thin under-skin, the grain is shown to be of an oval form, and 
of a beautiful white colour. The native mode of shelling rice (or paddy, as it 
is called in the rough state,) in India, is by placing it in a large hollow stone 
or mortar, and striking the loose grain with a conical stone or pestle, by which 
it is constantly forcibly pressed and disturbed; and thus, by persevering 
efforts, the husks are rubbed off. This process i«, however, a very tedious and 
laborious one, and to remedy it, a variety of inventions have been successfully 
introduced and improved upon. The general practice, of late years, has been 
to employ millstones for depriving the paddy of the outer shell, the stones being 
set at such a distance apart as will detach the shell, without crushing the interior 
grain. The stonM are covered by a hoop or case, which entirely encloses them, 
leaving a space all round between the stone and the hoop of about two inches. 
On the top of the case is fixed the hopper, which is filled with paddy ; it falls 
through a hole in the bottom of the hopper into a shoot, and is conveyed into 
the hole in the centre of the upper, or running stone ; it then falls through the 
arms of the cross before described, upon the face of the nether-stone, round 
the centre. The stones being in rapid motion, the paddy finds its way between 
the faces of the two stones, which are now supposed to be set at about the 
length of the grain apart ; the grains are carried by the centrifugal force from 
the centre to the extremity of the stones, and thrown out in all directions into 
the case or hoop which surrounds the stones : in one side of this hoop is a hole, 
through which the rice in this state runs out. The stones should be set, in the 
first instance, with great care ; for if they are too near, the rice will be broken, 
and if too far apart, the paddy will get through without being touched ; but 
when set at the right distance, the husk will be completely taken off, and the 
rice not broken. One pair of stones will husk from eight to ten bushels an 
hour with ease. The rice runs from the cases upon a fine sieve, kept agitated 
by the mills ; in passing over this, the dust and sand are separated ; it then 
falls into the winnowing machine, which is to separate the husk from the rice ; 
this is done by causing the husk and rice together, as they leave the stones, to 
fall in a gentle stream through a current of air, excited by a succession of fans 
revolving upon an axis, and driven by the engine in its passage through the 
current ; the husk, being much lighter than the rice, is blown away, and the 
rice falls into a bin below. There is one of these machines to each pair of 
stones, to separate the rice from the husk, in its passage from the stones to the 
bin ; this part of the operation is most completely performed, and keeps pace 
with the stones. 

The rice, in this stage of the operation, is more or less red, nothing more 
being done than the separation of the husk ; after this, it is taken to the 
whitening machine, where the inside cuticle, or red skin, is detached. This 
machine consists of a stone of coarse grit, fixed on a spindle like a grinding- 
stone ; the stone is enclosed in a box or case made nearly to fit, leaving a space 
all round of about an inch between the stone and the inside of the case : this 
case is made of plate iron, and punched full of small holes, like a grater, with 
the rough side inwards ; it is so contrived, that the case may go round with the 
stone, or it may remain still while the stone is turning. The rice is put in 
between the case and the stone at a sliding door, or opening in the rim ; the 
space is about two thirds filled ; the stone is then put in very rapid motion, 
making at least 250 revolutions a minute, by a strap. The case is allowed to 
turn very slowly; this changes the position of the rice, and every grain in 
succession comes into contact with the stone, and, rubbing hard against each 
other, an accumulation of heat (which produces an enlargement of the grain, 
and consequently splits the red skin,) is produced, which serves to loosen the 
skin ; and this, forming a red dust, finds its way out of the holes in the case, 
and leaves the rice perfectly white. In the whole process, there is little or no 
loss ; for when the stones are well adjusted, very few grains are broken, not 
more, perhaps, than 5 per cent, upon the whole, and those very partially. 

Notwithstanding the process we have just described has been successfully and 
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advantageously carried into effect, with British machinery, in the island of 
Ceylon, it does not appear, from the eminent success which has attended the 
rice-preparing establishment of Messrs. Lucas and Ewbank at Rotherhithe, near 
London, where a different process is employed, that the former is the best 
possible, or the only good plan of proceeding. The gentlemen we have named 
have had several patents for improvements in rice-cleaning machinery; and the 
excellence of their products has been the cause of the establishment of rival 
concerns, all of which receive the rough rice, or paddy, from abroad at a con- 
siderable less import duty than the clean rice, and, by preparing it for sale, 
derive, or have derived, considerable profits thereby. 

The cleansing of rice in this country is quite of modern introduction, and, 
from its apparently growing importance, we shall here add some account of the 
processes recently patented for that purpose. 

Mr. Ewbank’s patent of 1819 informs us that the rough ice, or paddy, is first 
cleansed from dirt and other foreign matter, by passing it over a screen, which, 
detaining the rice, allow the impurities to pass through. The paddy in this 
state is taken to millstones, set at a proper distance apart to rub off the 
external shells or husks ; the husks are next blown away by a fanning 
machine ; the rice, thus partially cleaned, is then deposited in mortars, where 
it is beaten and triturated for depriving it of the thin under pellicles, or red 
skin ; and when the trituration has been carried far enough, the contents of the 
mortars are sifted upon a sloping and revolving screen,’’ which is composed 
of three distinct wire-cloths, of different degrees of fineness. The finest under 
cloth allows the dust or flour to pass through, but detains the broken rice ; the 
second or middle cloth separates the broken, and detains the whole rice, while 
the coarsest upper cloth allows only the whole rice, or husked grain to pass 
through, and detains the unhusked, which is taken back to the millstones to be 
operated upon again. The rice, still but imperfectly clean, is afterwards taken 
to the polishing and whitening machine, which consists of two cylinders placed 
concentrically; the exterior cylinder is fixed or stationary, and the interior one, 
which is made to revolve, is covered with sheep-skins with the wool on, and 
stretched upon boards, or other framing with the wool on the outside. Between 
these two cylinders the rice is put, and the inner cylinder being made to revolve 
(by the action of a steam engine or other prime mover), the rice is brushed by 
the constant friction of the wool, and thereby polished and whitened ; in other 
words, brought to a state fitted for the market. 

The foregoing comprises the substance of the processes described in Mr. 
Ewbank 3 specification of the patent of 1819. The second patent, granted 
jointly to Messrs. Lucas and Ewbank, in May, 1827, relates to certain improve- 
ments upon the former, and is confined to a superior method of treating the 
rice after it has been deprived of the external shell or husk by the operation 
already described, or by any other mode. This improvement is founded upon 
the observation that the thin under pellicle, of a reddish colour, which remains 
upon the grain after it has been shelled, is of a glutinous or gummy nature, and 
that the beating or triturating of it in the mortars, occasioned the mass to 
become very sticky and difficult to operate upon towards the close of the pro- 
cess ; and that that portion of the rice which had already been stripped of its 
red pellicle, became injured in its colour by continuing the process until the 
remamder in the mass had also been deprived of their red pellicles. To avoid 
this inconvenience, Messrs. Lucas and Ewbank now use successively two or 
more sets of mortars, for conducting the last operation, in this manner : when 
the giimmy or glutinous matter begins to disengage itself (which is immediately 
manifested by the rice moving sluggishly under the pestles), it is to be taken 
out 01 the first set of mortars, and carried to a second set, wherein is to be 
mixed with the rice, a quantity of the external husks well dried, in the propor- 
tion of oiie-fourtli or two-fifths in bulk to that of the rice. The triturating and 
eating process is tlien renewed upon this mixture, the dry husks greatly assisting 
m cleaning and whitening the grain. After this the inais is to be fanned and 
screened, to separate the refuse ; when the rice is taken to the polishing machine, 
e ore described, which terminates the process. The fanning and screening 
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is to be done as often as may be found necessary, between each triturating pro- 
cess, which may extend to three or four distinct operations, according to tiie 
quality or state of the rice. 

The patentees observe in their specification, that they consider the stickiness 
of the rice to be owing to the humidity of the climate of this country, or to a 
certain dampness which it acquires in its voyage, as the difficulty they expe- 
rience has not been noticed in the rice-mills employed in the Carolinas and 
elsewhere. 

In the month following the date of the last-mentioned patent, Mr. Melvil 
Wilson, a merchant of London, acting as an agent to an American correspon- 
dent, took out a patent for an improvement in husking rice, (which had pre- 
viously been introduced into the United States,) in which the operation was 
conducted simply by the collision of the grains of paddy against each other. 

The apparatus consists of a long hollow cylinder, of metal or wood ; around 
the interior surface of which are fixed, at equal distances, and in parallel circles, 
a series of angular bars, projecting towards the centre or axis of the cylinder 
this cylinder revolves loosely on a central shaft, which passes through it, and is 
provided with a similar number of bars, pointing radially from the centre to the 
circumference, and passing alternately between the bars in the cylinder, so as 
to leave an inch free space between them. Thus disposed, the cylinder is 
placed in an inclined position ; the rice is allowed to enter it at the top, while 
the cylinder is made to revolve with a “ slow motion ” in one direction, the axis 
moving at the same time at “ a high speed,” and in a contrary direction ; 
consequently, as the rice passes through the cylinder, the grain will be consi- 
derably agitated and turned about; and by that means the husks will, it is 
said, be rubbed off before passing at the lower end of the cylinder. 

To render the construction of the interior of the cylinder perfectly under- 
stood, we have inserted the annexed diagrams. 

Fig. 1 represents a plan of the cap of the cylinder, 
not fixed thereto, nor to the axis, which passes through 
it, but to the framing which supports the hopper; it 
serves, therefore, to guide the grain into the cylinder, and 
to keep out dirt and other adventitious substances. 

Fig. 2 is called, in the specification, “ a socket wheel ;” 
it is fixed directly under the cap to the cylinder, and the 
axis passes through the socket, which serves, therefore, 
as a bearing for both the axis and the cylinder, permit- 
ting them to revolve freely in contrary directions. For 
the convenience of removal, this wheel is made to 
divide into two parts, as shown, which are bolted toge- 
ther when in use. 

Fig. 3 gives a transverse section of the cylinder and 
axis, each of which being shown as provided with four 
bars, that number being fixed in each parallel circle, and 
alternately as respects those on the cylinder, and those 
on the axis. This section likewise shows the cylinder 
as made of wood (with hoops round it), and that it is 
composed of eight distinct pieces or segments; on each 
of the eight segments is fixed a longitudinal row of 
similar bars, though only four (the number in one circle,) 
are brought into view, to prevent confusion. 

Fig. 4 is a transverse section of one of the before- 
mentioned bars, showing that they are of the figure of a 
quadrangular prism, that shape being preferred by the 
patentee for the purpose in question. 

Fig. 5 is a plan of the bottom of the cylinder ; it is 
formed in part like thg socket wheel, described in Fig. 

2, but the spaces between the spokes are closed; in each 
of these compartments a large aperture is made for the egression of the grain, 
which is regulated at pleasure, by sliding doors to each, as represented. 
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beveled pinion d ; at e is a beveled wheel, and at f a faced wheel. Motion 
being given to the winch g, by manual force, or other power, a “ higli speed ’ 
is thereby communicated to the shaft in one direction ; a “ slow motion ’ to 
the cylinder in a contrary direction ; during which the rice, from the hopper 
h, (shown in section,) is continually pouring into the top of the cylinder, 
and as fast as it is husked, running out at the bottom i. To separate the chaff, 
a fan wheel may be placed at k, which may be actuated by a band passing 
round the cylinder, or by any other convenient means. 

Mr. Wilson took out a second patent in 1830 for “an improved method of 
nreparing and cleansing paddy or rough rice,” which may be briefly described 
as consisting of a series of mortars with solid bottoms and sieve sides; the latter 
being made of wire gauze, or perforated metal plates, strengthened by ribs of 
strong wire. These mortars are placed in a row, and their contents operated 
upon by a series of pestles suspended to a revolving crank shaft above, the 
pestle rods being guided in their action by a suitable frame underneath, sliding 
between upright standards which support the crank shaft. The intention of 
the “sieve-sides” to the mortars is, that the rice may pass through as soon 
as it is cleaned, so as not to be heated by the subsequent operation of the 
pestles. 

We shall mention one more patent, which was recently granted to Mr. 
Shiels, of Liverpool, for the same object. Instead of a pair of millstones for 
the first operation of shelling, the specification of this patentee directs the 
employment of one mill-stone, and what we will take leave to call one xmW-wood 
(of precisely similar figure to the stone), and between these two substances the 
paddy is to be milled in the same manner as between two stones. The second 
operation of taking off the thin pellicle is to be performed by rubbing the grain 
between the flat surfaces of two wooden runners, which are covered with sheep- 
skin with the wool on. But Mr. Shiel’s mode of applying the sheep-skins is 
different to Mr. Ewbank’s, before described ; the wool being placed by Mr. Shiel 
next to the surface of the runners, so that the rice is operated upon by the flesh 
sides of the skins, and owing to the springiness of the wool underneath, the 
grain receives an elastic pressure, which, in effect, is a very close approximation 
to the primitive, we may almost say natural, process of rubbing it between the 
palms of the hands. 

RIFLE. The name given to a fire-arm from the peculiar construction of its 
barrel, which is cut internally into long spiral grooves, and usually make but 
one revolution throughout its length. 

RIGGER. A cylindrical pulley ; known also by tlie term drum, in 
machinery. 

RIGGING. A general name given to all the ropes employed to support the 
masts, and to extend or reduce the sails, or arrange them to the disposition of 
the wind. 

RIGIDITY. A term which implies the opposite qualities to flexibility, plia- 
bility, ductility, malleability, &c., and is usually defined to be that degree of 
hardness which arises from the mutual indentation of the component particles 
within one another. 

ROADS. The subject of this article opens to us so vast a field of inquiry, 
historical, philosophical, and mechanical, that it is impossible to do justice to its 
importance within the limits prescribed to us. To the curious explorer of ancient 
records, a search into the history of roads, from the earliest ages of antiquity, 
would repay his utmost labour ; while to the philosopher, it offers ample scope 
for meditation and reflection : the theorist may speculate on the influence, 
moral and political, exercised by facility of communication between distant 
members of the same body-politic ; and the sound reasoner find, in the opening 
of good roads alone, data on which to base a true estimate of the progress of 
societ)-. 

Roads may be described as both the cause and effect of civilisation : the 
formation of roads invariably tending to improve the most barbarous district, to 
evolve its resources, and civilize its people; while, on the other hand, the 
internal communications of a country afford the surest proof of her prosperitv; 
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and her roads, the infallible signs, because the certain consequences, of her 
civilisation. “ Let us travel,” says the Ablxi Raynal, “over all the countries of 
the earth-, and wherever we find no facility of travelling from a city to a town, 
or from a village to a hamlet, we may pronounce the people to be barbarians.” 

“ The making of roads,” observes Sir Henry Parnell, in his admirable Treatise, 

“ in point of fact, is fundamentally essential to bring about the first change that 
every rude country must undergo, in emerging from a condition of poverty and 
barbarism.” 

The beneficial effects resulting from an easy communication between different 
parts of a country, are productive of luxury to the rich, wealth to the merchant, 
employment to the poor ; by all felt, because by all enjoyed ; and because the 
conveniences of life, thus brought to the mansion and the cottage, tend naturally 
to ameliorate the condition of man, and to raise the standard of society. But 
it is by a comparison between the countries where good roads are plentiful, 
and those where they are scarcely to be found, that their effects are most vividly 
illustrated. Let us compare the state of England, — estimated to possess above 
20,000 miles of turnpike road, and 100,000 miles of roads not turnpike, — with 
Ireland, rich in all the elements of commercial greatness, yet wanting the same 
means of transit and intercourse. Contrast the condition of a district of Ireland, 
before and after the formation of some new roads, as given in Mr. Kelly’s 
evidence before a Committee of the House of Commons: — “ At Abbeyfeale and 
Brosna, above half the congregation at mass, on Sundays, were barefoot and 
ragged, with small straw hats of their own manufacture, felt hats being worn 
only by a few. Hundreds, and even thousands of men could be got to work at 
silence a day, if it had been offered. The condition of the people is now very 
different ; the congregations at the chapels are now as well clad as in other 
parts ; the demand for labour is increased, and a spirit of industry is getting 
forward, since the new roads became available.” Again, on the occasion of some 
new roads being opened in the year 1824, by Mr. Nimmo, the eminent engi- 
neer : — “ A few years ago, there was hardly a plough, ear, or carriage of any 
kind ; butter, the only produce, was carried to Cork on horseback. There was 
not one decent public-nouse, and only one house slated, or plastered, in the 
village ; the nearest post-office, 30 miles distant. Smce the new road was made, 
there were built in three years, upwards of twenty respectable two-story houses, 
slated and plastered, with good sash windows; a respectable shop, with cloth, 
hardware, and groceries ; a comfortable inn, a post-office, bridewell, and a new 
chapel ; a quay, covered with lime-stone for manure, a salt-work, two stores for 
purchasing oats, and a considerable traffic in linen and yarn.” The following 
passage of Mr. Telford’s evidence on the effects of the formation of new roads 
in the Highlands of Scotland, is well worth transcribing : — “The moral habits of 
the great mass of the working class are changed. They see they can depend 
on their own exertions for support. This goes on silently, and is scarcely per- 
ceived until apparent by their results. I consider these improvements one of 
the greatest blessings ever conferred on any country. About 200,0001. has been 
expended in fifteen years. It has been the means of advancing the country at 
least ‘ a hundred years.’ ” Extracts, like the above, might be multiplied almost 
infinitely, were it necessary to adduce proofs of the advantages and influence of 
roads. In this day of enlightenment, it is, however, we are persuaded, a work 
of supererogation ; and we doubt not that the hearts of our readers will cordially 
respond to the following sentiment, as embodying all that can be wished on the 
subject : — “Next to the genial influence of the seasons, upon which the regular 
supply of our wants, and a great portion of our comfort, so much depends, there 
is perhaps no circumstance more interesting to men, in a civilized state, than 
the perfection of the means of interior communication.” 

In treating on this important subject, we propose to adop the following 
arrangement : — 

First. A slight sketch of the history of roads. , 

Secondly. The method of surveying, tracing, and laying out extensive lines 
of road. 

Thirdly. Road-making, embracing some consideration of its principles ; 
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drainage, elopes, cuttings, and embankments ; the value and proper use of 
different kinds of material. 

And lastly. Some account of patents taken out by ingenious individuals 
for improvements on roads. 

History . — We are but little acquainted with the municipal affairs of the 
Greeks, and other nations who in early times inhabited tlie shores of the 
Mediterranean ; considerations on their means of intercommunication, there- 
fore, must be of necessity conjectural. We are told, however, that the senate 
of Athens watched over the state of the public roads; and that the Lacedemo- 
nians and Thebans confided the care of them to eminent men ; but no remains 
of these w'orks have reached the present day, to enabie us to judge how these 
eminent persons discharged the duties entrusted to them. The magnificent 
works which the Greeks have bequeathed to us, hear testimony to the grandeur 
of their genius, and the refinement of the most elegant taste. They command 
the admiration, and will ever e.xcite the wonder, of posterity. That the roads 
and highways of such a people were unworthy of them, may perhaps be 
attributed to the limited extent of their territory, and to the absence of com- 
mercial enterprize. The Persians and Egyptians attained to a very high state 
of civilisation, and their public works were on a scale of gigantic magnitude, 
requiring a concentration of resources scarcely attainable without the facilities 
of good roads : but it remains for some future Belzoni to discover, amidst the 
mouldering mummy-dust of the Pyramids, the hieroglyphical reports of some 
Egyptian Board of Trust. It is, however, to a commercial people, that posterity 
is indebted for that improvement in the construction of roads, which endures 
even to the present day. To the Carthaginians is generally attributed the 
invention of paved roads ; and the readiness of the Romans to follow the 
example of the rival state does honour to the Roman name. The insatiable 
ambition of Rome led her to grasp the sovereignty of the world ; and her 
legions, ever victorious, extended their conquests to the utmost limits of the 
earth. Happy was it for the barbarous nations who sunk under her resistless 
yoke, that civilisation and the arts, following the armies of the conquerors, 
improved the condition of the conquered, and in some measure recompensed 
them for the loss of their freedom. The wise policy of the Romans taught 
them to lay open the subdued countries by roads, which might afford an easy 
mode of transport for their troops and supplies. In accordance with this design, 
they constructed the great roads, known to us as the Via Appia, extending 
from Rome to Brundusium, about 300 miles ; the Via Aurelia, leading from 
the Aurelian gate to Milan, the key to Gaul and the North of Europe ; the 
Via Flaminia, and others, varying in extent and importance, but forming im- 
mense trunks, or main lines, from which branches ramified in every conceivable 
direction. In Italy alone this great people constructed above 14,000 miles of 
roads. Under Augustus were completed the great roads, with which Gaul was 
every where intersected. Of these roads a writer in the French Encyclopedia, 
under the head “ Chemin,” observes, “Four of these are remarkable for their 
length, and the difficulty of the country ; one traversed the mountains of 
Auvergne, and penetrated to the bottom of Aquitaine; another was extended 
to the Rhine at the mouth of the Meuse, and followed the course of the river 
to the German Ocean ; the third crossed Burgundy, Champagne, and Picardv, 
and ended at Boulogne-sur-Mer ; the fourth extended along the Rhone, 
entered the bottom of Languedoc, and terminated at Marseilles : from these 
principal roads there were numberless branch roads, leading to Treves, Stras- 
burg, Belgrade, &c.” In Britain some remains of the Roman roads are yet 
visible ; at Chester, the Castrum of the Romans, remnants of the old Roman 
pavement are frequently discovered, when the superincumbent soil, of several 
feet deep, Has been removed. In Scotland, a portion of Roman causeway may 
still be seen leading from Musselburgh Bay to Abercorn, or tlie Frith of Forth. 
“The Roman road^” says Mr. Tredgold, “ ran nearly in direct lines ; natural 
obstructions were removed or overcome by the efforts of labour or art, whether 
they consbted of marslies, lakes, rivers, or mountains. In flat districts the 
middle part of the road was raised into a terrace. 
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“In mountainous districts, the roods were alternately cut through moun- 
tains and raised above the valleys, so as to preserve either a level line, or a 
uniform inclination. They founded the road on piles, where the ground was 
not solid, and raised it by strong side walls, or by arches and piers, where it wa.s 
necessary to gain elevation. Tlie paved part of the great military roads was 
16 Roman feet wide, with two side ways, each 8 feet wide, separated from the 
middle way by two raised paths 2 feet each.” At every mile, columns were 
erected to mark the distance from place to place ; blocks of stone for foot tra- 
vellers to rest on, and for horsemen to mount their steeds with ; temples, tri- 
umphal arches, and mausoleums adorned them, and military stations defended 
and commanded them. By the formation of these great highways, an impulse 
was given in Britain to the national industry. The genius of the British 
people, essentially commercial, hastened to avail itself of the facilities (limited 
as they were) for intercourse and traffic ; and we may fairly attribute to the 
conquest of Britain by the Romans, her present commercial superiority. 

On the continent the Italians have not degenerated in this respect. The 
roads are still exceedingly good, and the people display both taste and judgment 
in their preservation. The pass of the Simplon over the Alps, will ever remain 
a noble monument to the genius of Buonaparte, the talents of his military 
engineers, and the persevering industry of the French soldiers. 

The highways of France, called Chaussees, usually take the straight line of 
direction, without much regard to the line of draught. The breadth varies from 
30 to 70 feet. The middle part, measuring about 18 feet in breadth, is paved 
with stones of 6, 8, or 10 inches square, firmly set, on a previously-drained and 
well-prepared bottom. On each side are bridle roads. Uniformity of inclina- 
tion IS little attended to, and the observing traveller is surprised to see, when 
toiling over hills and hollows, how small a deviation would have obtained the 
advantage of perhaps a perfect level. 

The roads in France are under the management of the department Fonts el 
Chausshs, the funds for their maintenance being voted by the Chambers as a 
part of the national e.xpenditure. The sum voted in the year 1830 was 
1,800,000/. “Notwithstanding, however,” observes Sir Henry Parnell, “the 
attention which has been paid to the roads in France, the actual state of them, 
with regard to their number, extent, and condition, is evidence of the system of 
management bein^ extremely imperfect.” With the exception of those parts 
of the main roads leading from Paris, which are paved, the roads are weak and 
rutted. In those districts where they are repaired with gravel, they are almost 
impassable in winter ; the diligences, with six horses, can with difficulty travel 
four miles an hour. In other districts, where the roads are harder, there is 
seldom to be seen a road with a smooth surface, and of sufficient strength. 
There are very extensive tracts of the kingdom wholly without any regularly 
formed roads ; and, therefore, however valuable the efforts of the statesmen of 
France may have been in carrying the progress of road-making to the point at 
which it has arrived, there is still wanting some new plan of legislation by 
which good roads may be made, not only from one town to another, but into, 
and through every commune in France.” 

The funds for the maintenance of roads in Spain are derived partly' from 
tolls, and partly from local taxes. The average annual expenditure may be 
roughly estimated at 90,000/. The disturbed state of the country for so many 
years, has rendered it impossible for the inhabitants to forward those public 
works in which other countries have been happily engaged since the return of 
peace. Her roads, then, as may be expected, are, as in Portugal, execrable. 
The main roads leading from both Madrid and Lisbon, are, for a few miles, 
tolerably good ; the roads, also, in Catalonia, are both numerous and well kept; 
but these are exceptions .-—the general character of the internal com'munication 
is worse than in any of the other continental states. 

In Germany the roads are paved similarly to the French^ Chaussees ; but as 
ittle attention is paid to the preparation of the bed of the road by previouslv 
draining the subsoil, and rendering it firm for the reception of the road mate'- 
tial, they are miserably bad, and, in many parts, almost impassable. The 
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Dutcli, on ilie oonti-ary, take great pains with their roads, carefully prepare the 
fouiulatiou, and then lay them with thin bricks, bedded in lime ; on these roads 
carriages inn v'ery smoothl}’, and even ordinary market carts travel with con- 
sideralde speed. The roads are generally straight, with a ditch on each side, 
and planted with rows of trees. 

In Sweden the roads are well made, and the principal ones equal to the good 
roads in Rngland. The materials are readily obtained, good rock being plen- 
tiful, and this well broken, and laid on to a considerable thickness, has formed 
firm and smooth roads throughout the Swedish temtory. 

In Russia and North America, though but little has yet been done in 
opening the country and forming good lines of roads, that little has proceeded 
on correct principles ; but much, of course, remains to be done to render tra- 
velling, and the transportation of goods in those countries, either convenient 
or safe. 

We have thus rapidly glanced at the history of roads, from the early' ages to 
the present day, in an e.xtended sense, as applicable to roads on the continent, 
as well as in Britain ; it is due, however, to our native country, to give a some- 
what more detailed account of the progress of the highways of England, and 
ol their gradual improvement, until their arrival at their present state. 

If we peruse the history of this country, from the departure of the Romans 
to the Revolution of 1688, we shall feel little surprise that our ancestors, per- 
petually harassed by foreign invasions, or intestine commotions, should have 
done but little to improve their internal communications. Down to the middle 
of the eighteenth century, merchandise was, in some parts of the country', car- 
ried by pack-horses on roads little better than foot-paths, or well-beaten sheep- 
tracks. Until the year 1283 the government seems to have taken no steps to 
remedy the evil ; the first act was then passed relating to roads. In 1346, 
Edward III. was empowered to levy a toll on carts or carriages, travelling from 
St. Giles’s -in- the-Fields to Temple Bar. In the reign of Henry VIII. the first 
serious attempt was made at improvement, by' an act, allotting to parishes the 
care of the roads passing through them, and appointing an annual election of 
road surveyors. The funds were obtained from a pound rate levied on the 
landholders, and assistance in labour was enforced. In 1653 was passed the 
act of Charles II., establishing the first turnpike-road; and from that time to 
the present, an immense number of similar acts have obtained the sanction of 
the legislature. The result has been, the formation of the numerous trusts, or 
commissions, under whom has been effected the present improved condition of 
our turnpike-roads. 

Though the system of legislation may be imperfect, and often mischievous, 
the management faulty', and the principles of road-making but little understood, 
or acted on, yet we cannot look back on roads as they were, without feeling suf- 
ficiently thankful for roads as they are. 

Suri'cying, and laying out a line of road . — ^The first duty of an engiiseer, on 
being employed to lay out a line of road, will obviously be to make a careful 
personal examination of the country between the respective termini. “ It may 
be laid down as a general rule,” says Sir H. Parnell, “ that the best line of road 
between any two points will be that which is the shortest, the most level, and 
the cheapest of execution ; but this general rule admits of much qualification : 
it must, in many cases, be governed byithe comparative cost of annual repairs, 
and the present and future traffic that may be expected to pass over the road ; 
natural obstructions, also, such as hills, valleys, and rivers, will intervene, and 
frequently render it necessary to deviate from the straight line.” In accordance 
with these views, the engineer will select the most eligible lines, and entrust 
each to au experienced surveyor, who will, with the requisite instruments, take 
the lev'els, ancf make an accurate survey' of the eoimtry. The memoranda of 
the field books are to be carefully transferred to paper, protracted and laid 
down on a sutficiently Ijjrge scale,— say 66 yards to the inch for the ground 
plan, and 30 feet to the inch for a vertical section. The plan should contain 
all necessary information to enable the engineer to form a correct estimate of 
the probable expense of the work. On the vertical section should be marked 
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the horizontal distances In miles, and the vertical heights in feet The gradients 
should he laid on hy the engineer himself, and great care taken to preserve the 
requisite inclinations, and a due balance, as far as practicable, of cuttings and 
embankments. Calculations should be made of the quantity of cubic yards of 
earth to be moved ; the nature of the different strata ascertained, to determine 
the inclinations at which the slopes will stand ; and borings made, to try the 
depth of the peat in morasses. 

Proceeding in this way, upon sure grounds, the skilfid engineer will trace out, 
and carry into effect, the greatest works upon the most economical scale. lu 
passing over hills, it is frequently necessary to quit the straight line, to avoid 
too steep an inclination ; for it should be observed, that whenever the inclina- 
tion exceeds 1 in 35, a loss of speed or increase of danger must inevitably result. 
If, then, it be advisable to leave the true line of direction, to preserve the best 
line of draught, it will become matter of consideration and calculation how 
much the length wiU be thus increased. “ The great fault of all roads, 
observes Sir H. Parnell, “ in hilly countries, is, that after they ascend for a 
considerable height, they constantly descend again before they gain the summit 
of the country which they have to traverse. In this way the number of feet 
actually ascended is increased many times more than is necessary, if each 
height, when once gained, were not lost again.” As in crossing a range of 
hills, it is essential to cany the road over the lowest parts ; so in passing a 
valley or ravine, the highest point should be chosen : the cuttings in the one case, 
and the embankments in the other, will thus be reduced to the minimum. The 
late Mr. Telford erected several works of great magnitude for avoiding earth 
embankments of too great extent. The road was carried, by means of high 
arches of masonry, over deep ravines or valleys : of this description is the bridge 
over the Mouse Water, at Cartland Craigs, on the Lanark road; the bridge over 
Birkwood Bum, on the Glasgow road; and the celebrated bridge over the Menai 
Straits, in North Wales. 

In passing over marsh, or other low land, care should be taken to raise the 
surface of the road well above the adjacent country : it must ever he borne in 
mind, that not only is it necessary that the moisture of the sub-soil be carried 
off by drainage, but that the surface of the road be completely exposed to the 
action of the sun and the wind. The most superficial observer will have 
noticed, that those parts of a road shaded and overhung by trees, are always in 
a worse condition than those on which the sun and wind meet no obstruction ; 
and that roads open to the agency of sweeping currents of air, dry after wet 
weather in an inconceivably short space of time. 

Besides the causes for deviating from the straight line which have already 
been mentioned, are the more subordinate ones of towns, ornamental property, 
&c. These are cases which are certainly sometimes of much importance, and 
will deserve the consideration of the engineer ; but too much weight should not be 
attached to them, and the ultimate object for which the road is constructed should 
never be lost sight of. Let it be supposed that a road is to be formed from the 
city of A to the town of B : if C is situated on the right of the line of direction, 
it will be matter of commercial calculation, whether the increase of traffic 
gained by carrying the road through C will counterbalance the loss of time and 
speed consequent on such decision. With respect to passing through parks, 
demesnes, &c., the circumstances will vary so infinitely, that it is impossible to 
give any rules on the subject: it may, however, be fairly observed, that what- 
ever apparent advantages may accrue from towns, if the acclivities of a road are 
increased, and the line of draught injured by deviations to pass through them, 
the result must be injurious in the end; and that, necessary and just as is the 
protection of private property, it should never be sufl'ered to inferfere with the 
public good ; “ for let it be remembered, that society is formed for the mutual 
and general benefit of the whole, and it would be a very unjust measure to in- 
commode the whole merely for the convenience, or perhaps the caprice, of 
an individual,” {Bateman.) 

As the methods of levelling and surv'eying for a line of roads are not 
generally known, we propose to conclude this part of our su'. j. ct (though more 
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properly belonging to the article Surveying), with a brief account of the 
instruments used, and tlie methods adopted in such cases. The levels may be 
taken either with a level, or a theodolite. Gravatt’s improved levels, made by 
Troughton and Sims, are most beautiful instruments, and may be relied on for 
accuracy in their adjustments. The line to be taken being made known to the 
surveyor, the staff is held by an assistant at the point from which it is proposed 
to commence ; the surveyor then places the instrument at a convenient distance 
in the proper direction, and having adjusted it to the line of collimation, or 
level, observes and notes down the reading on the staff called the Back Station ; 
be then signs to the staff-holder (if two are not employed), to take up a fresh 
position beyond the instrument, where a similar operation is performed, called 
the Forward Station ; the instrument is then moved on to a situation on the 
line required beyond the staff, the same adjustments are made, and reading on 
the staff noticed as before ; and in this manner the inequalities of the ground 
are correctly obtained. From the columns in the field books termed Back ai\d 
Fore Station, are derived the “ Reduced Levels,” which laid down on paper, with 
the distances from station to station, give the vertical section before alluded to. 
The method of making a survey is so clearly explained in Mr. F. Sims’s useful 
little Treatise on Mathematical Instruments that we shall give the passage 
entfre. 

“ When a survey is to be made for the purposes of a line of railway or turn- 
pike road, it is necessary to delineate not only the fields through which it is 
contemplated the line would pass, but also one or more fields on each side, to 
the extent of full one hundred yards, for the purpose of admitting hereafter, if 
necessary, an alteration to that extent at any point on the line. The instrument 
usually employed on such surveys is, the prismatic compass, or else a circum- 
ferentor, together with a land chain. 

“ To execute a survey of this kind, supposing the line to have been previously 
chosen, the surveyor must set up his compass at one extremity of tlie work, and 
take the bearing of some distant object situated in the direction of the intended 
line of railway or road; having done which, and entered it in his field book, he 
must commence chaining in that direction, taking ofi&ets to the fences of the 
fields, and every remarkable object within a short distance to the right and left 
of the line ; he must also note the point at which his chain crosses the various 
fences, and at the same time and place set up his compass to observe the bearing 
of such fences, or, in other words, the angle their direction makes with the 
meridian ; this angle is at once giv'en by the compass, and furnishes data for 
laying down their position with regard to the main Une which crosses them, but 
does not determine their respective lengths ; the surveyor must therefore 
measure along the side of each fence, both to the right and left of the point at 
which he crosses it, till he comes to their extremity, or the points where such 
fence meets the other, or side fences of the field ; these now become known or 
fixed points, from whence the bearing of every fence which diverges from this 
may be taken, giving the means of laying down their several directions on the 
general plan. 

“ If the surveyor should require to represent the boundaries of the fields 
which are still more remote from his main line, he must similarly measure the 
lengths and curves of the fences he has previously taken the bearings of ; and 
then again the bearings, &c. of others, till he possesses sufficient data for his 
purpose ; but he will occasionally find it more convenient to measure secondary 
or side lines branching from the main line which, by crossing a number of 
fences, give so many fixed points to take bearings from, as frequently to reduce 
his labour materially, both in the field, and afterwards in plotting the work. 

“ Having proceeded onward with the measurement of his first main line, as 
far as may be convenient for bis purpose, and also completed the measurements 
branching therefrom, the surveyor must again set up his compass at the point 
where he wishes to change the direction of his course, or commence a second 
main line ; when having taken the bearing of some natural conspicuous object in 
the required direction, he must proceed to measure such second line, and all its 
subsidiary dimensions, in the same manner as before, completing as much as 
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possible all tlie minor measurements depending on each main line before lie 
commences a new one. 

“ Such is the general method of procedure ; but as every thing depends upon 
the experience and tact of the surveyor, it is impossible to give more than a 
general description ; particular rules for surve 3 -ing are useless, as new cases, and 
sometimes difficult ones, are hourly occurring, which the experience of the 
surveyor alone will enable him to overcome, and suggest at the time a method, 
which no book, in all probability, could inform him of. 

“ The protraction of a survey is the most easily performed by having a 
protractor laid down on the plot itself, from which the angles can be transferred 
by a parallel ruler to any part of the work." 

In making the necessary calculations for the quantities of earthwork, &:c., we 
would earnestly recommend the use of the tables formed for that purpose by 
Mr. Macneill. Though the calculations are not intrinsically difficult, yet they 
unavoidably contain a great number of figures; Mr. Macneill’s tables so 
simplify the operation, as to render errors of consequence scarcely probable, 
and at the same time are founded on such scientific principles, as to elicit, with 
certainty, the most correct results. 

The line of road being fixed, and marked out, we now come to the consideration 
of the principles of road-making, and the just application of them in the selection 
and disposal of materials. The first principles of any branch of science, are gene- 
rally clear and comprehensive, andconfidently appealed to by the advocates of most 
opposite opinions in justification of their peculiar dogmas. But while all admit 
the essentiality (so to speak) of correct principles, how various and contradic- 
tory are their plans of carrying these principles into effect ! Road-making pre- 
sents no exception to this general rule. It is admitted by all, that a road 
should combine the qualities of hardness, smoothness, and strength, or sub- 
stance. To obtain these requisites, it would to us appear unnecessary that 
great care should be taken to prepare the bottoming, or foundation, on which 
the surface materials are to rest ; but on this point there exists much difference 
of opinion ; and as it is of great importance, we shall briefly state the argu- 
ments of each party, as given in their respective publications. Mr. Mao Adam, 
in his Remarks on the present System of Road-making, maintains that the elas- 
ticity of the sub-soil is rather a benefit than an injury, in contradiction to the 
opinion of Telford and other eminent engineers, that on a substratum of a 
spongy nature, as bog-land, or morasses, it is absolutely imperative to render the 
foundation firm. The following evidence was given by Mr. Mac Adam before 
a Committee of the House of Commons, in the year 1819 : — 

“ What depth of solid materials would you think it right to put upon a road, 
in order to repair it properly ? — I should think that ten inches of well consoli- 
dated materials are equal to carry any thing. That is, provided the substratum 
is sound ? — N o ; I should not care whether the substratum was soft or hard ; I 
should rather prefer a soft one to a hard one. You don’t mean you would prefer 
a bog? — If it was not such a bog as would not allow a man to walk oxer, I 
should prefer it. What advantage is derived from the substrata not being per- 
fectly solid ? — I think, when a road is placed upon a hard substance, such as a 
rock, the road wears much sooner than when placed on a soft substance. But 
must not the draught of a carrriage be much greater on a road which has a 
very soft foundation, than over one which is of a rockj- foundation? — I think 
the difference would be verj- little indeed, because the j'ield of a good road on 
a soft foundation, is not perceptible. W ould a carriage run so ‘ true’ upon a 
road, the loundation of which was soft, as upon one of which the foundation 
was hard? — If the road be very good, and very well made, it will be so solid, 
and so hard, as to make no difference. The road in Somersetshire, between 
Bridgewater and Cross, is mostly over a morass, which is so extrdmely soft, that 
when you ride in a carriage along the road, you see the ivater tremble in the 
ditches on each side ; and after there has been a slight frpst, the vibration of the 
water from the carriage on the road will be so great as to break the young ice. — 
at road IS partlj'in the Bristol district. I think there are about seven miles of 

, an a the end of those seven miles, we come directly on the limestone 
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rock. I think we have about five or six miles of tliis rocky road immediately 
succeeding the morass; and being curious .to know what the wear was, I had a 
very exact account kept, and the difference is as five to seven in the expendi- 
ture of the materials on the soft and hard.” It woidd exceed our limits to 
give more of this gentleman’s evidence in detail, we must content ourselves 
with the substance of the remainder, viz. that no intermediate material is to 
be put between the broken stone and the bog; that no stone is to exceed six 
ounces’ weight ; that a foundation of bog does not sink ; and that there is the 
same thickness of material on bog as on firm ground. In absolute contradic- 
tion to the doctrines of Mr. M'Adam, we now quote a report of Mr. W. A- 
Provis, assistant engineer to Mr. Telford, under whose immediate superin 
tendence all the works on the Holyhead Road in North Wales were executed. 

“ The pitching or paving the bottom of a road is a subject which has often 
been discussed, and though generally approved of by scientific men, has met 
with some decided opponents. On the old part of the Shrewsbury and Holy- 
head road, which extends from Gobowen to Oswestry, as well as in some other 
places, the foundation of the road had been paved, but in an irregular and pro- 
miscuous manner, some of the stones standing near a foot above others, 
and in some places holes were left without any stones ; upon this a coat of 
gravel had been laid, and necessarily of very unequal thickness, some of the 
points of the stones being scarcely covered. This road having afterwards been 
much neglected, the upper gravel, where thin, was worn quite away, or else 
forced from its bed by being in so thin a coat that it could not bind, and the 
road’s surface was thereby made a continued succession of hard lumps and 
hollows, with water standing in every hole after a shower, and no means of 
getting off but by soaking through the road. Any stranger, on passing over 
such a road, would condemn the principle on which it was made. But here 
seems to be the great error, — that the principle is condemned, instead of the 
abuse of it. When the paving is put down carefully by hand, of equal or 
regular height, with no large smooth-faced stones for the upper stratum to 
slide upon, and the whole pinned so that no stone can move, T have no hesita- 
tion in saying that in many cases it is highly beneficial, and in none detrimen- 
tal. Whenever the natural soil is clay, or retentive of water, the pavement acts 
as an under-drain to carry off any water that may pass through the surface of 
the road. The component stones of the pavement having broader bases to 
stand upon than those that are broken small, are not so liable to be pressed into 
the earth below, particularly where the soil is soft. The expense of setting 
this pavement b less than one-fourth of that of breaking an equal depth of 
stones to the size generally used for upper coating ; and therefore, in point of 
economy, it has abo a material advantage. Mr. Telford in all cases recom- 
mends thb mode of paving ; and the opinion of a man of such experience can- 
not be treated slightly. He has made more miles of road than any engineer in 
the kingdom; and having myself studied for nearly fifteen years in his school, 
and made a considerable extent of road under his direction, I may venture to 
say that his practice is not unsupported by experience. I should not have said 
so much on thb subject, but from the circumstance of other road improvers 
having asserted that paving was useless ; and I think that assertions on one 
side should be met with firmness on the other, whenever an important prin- 
ciple b attacked, the correctness of which can be established by reasoning and 
by facts,” 

We have endeavoured, by the extracts we have thus given, to place before 
our readers the comparative merits of a firm, or of an elastic substratum ; for 
ourselves we confess we are disciples of Mr. Telford’s school ; and to believe 
with Mr. Wingrove, whose practical experience was unquestionable, “ that, 
with respeqf to these opinions on road-making, nothing but the complete 
ignorance of the public, upon all matters concerning road-making, could ever 
have suffered rules, so contrary to every thing like sound principles, to have 
had a single momont’s favourable consideration,” With this remark we dis- 
miss this part of the subject, which we have been induced to treat at greater 
length than we originally intended, by our anxiety to place bevond dispute 

voi. II. 4 G 
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the correctness of the principles on which all our subsequent directions are 
founded. • 

Drainage . — In properly conducting this part of the business of road-making, 
great care is necessary. The utmost judgment of the skilful surveyor will be 
called into action to enable him to make the best use of the natural facilities of 
the country, and to overcome the obstructions that he will sometimes meet with. 
In passing over flat land, open main drains, cut on the field side of the fences, 
must communicate with the natural watercourses of tlie country ; they should 
be three feet deep below the level of the bed of the road, one foot wide at 
bottom, and five feet wide at top. If springs rise in the site of the road, or in 
the slopes of deep cuttings, stone or tile di^ns should be made into them. In 
cutting, small drains, technically called mitre drains, should be formed ; the 
angle, depending on the inclination of the road, should not exceed one inch in 
100. They should he 9 inches wide at bottom, 12 inches at top, and 10 inches 
deep. According to the inclinations of a road, and the form and wetness of the 
country, cross-drains of good masonry should be built under the toad, having 
their extremities carried tmder the road fences. One of these should be built 
wherever water would lie ; and when the road passes along the slope of a hill, 
great numbers are necessary to carry off the water that coUects in the channel 
of the road on the side next the high ground. Various descriptions of drains 
are made in every situation where necessary, and the preservation of the 
surface of the road secured by giving it a proper convexity in its cross section, 
as shown in the annexed section, designed for the regulation of the surfaces 
and wastes between the fences of the Holyhead Road. 



The proper convex form is particularly essential on bills, in order that the 
water may have a tendency to fall from the centre to the sides. The side 
channels, and all the road drains should be repaired at the approach and at the 
end of the winter, and daily attention given to their being free from obstruction. 
If roads, by a proper system of drainage, be kept dry, they will be maintained 
in a good state, and at proportionally less expense. 

Cuttings . — When it is necessary to make a deep cutting through a hill, the 
slopes of the banks should never be less, except in passing through stone, than 
two feet horizontal to one foot perpendicular ; for though several kinds of earth 
will stand at steeper inclinations, a slope of two to one is necessary for admitting 
the sun and wind to reach the road. The whole of the green sod and fertile 
soil on the surface of the land cut through, should be carefully collected and 
reserved, in order to be laid on the slopes immediately after they are formed. 
If enough of these cannot be procured, the slopes should be strewed with mould, 
and sown with hay-seeds. When stones can be got, the slopes should be sup- 
ported by a wall raised two or three feet high, at the bottom of them. These 
walls prevent the earth from falling from the slopes into the side channels of 
the road, Md add very much to the finished and workmanlike appearance of a 
road. It is sometimes advisable, particularly if an additional quantity of earth 
be wanted for an embankment, to make the slopes through the cuttings on the 
south side of a road of an inclination of three horizontal to one perpendicular, 
in order to secure the great advantage of allowing the sun and wind to reach 
more freely the surface of the road. In districts of country where stones 
abound, expense in moving earth and purchasing land may be avoided, by 
building retaining walls, and filling between them with earth. In rocky and 
ringed countries, thb is generally the best way of obtaining the prescribed in- 
clinations. In formiM a road along the face of a precipice, a wall must be 
built to support it. The difficulty of forming a road in such a place, is not so 
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great as may be imagined, for the face of a precipice is seldom veilical, and if 
the inclination should be half a foot vertical to one foot horizontal, this 
will admit of a retaining wall being built. By budding such a waU, say 30 feet 
high, and cutting 10 feet at that height into the rock, and filling up the space 
within the wall, a road of sufficient breadth will be obtained. In forming the 
bed for the road, material care should be taken, except where cutting into the 
surfece is wholly unavoidable, in order to obtain the proper longitudinal incli- 
nations, to elevate the bed with earth, two feet at least, above the natural surface 
of the adjoining ground : by following this course, the road will not be affected 
by water running under or soaking into it from the adjoining land. In arrang- 
ing the inclinations, they should be obtained by embanking, where that is prac- 
ticable, in preference to cutting. Almost all old roads across flat and wet land 
are sunk below the adjacent fields : this has arisen from the continued wearing 
of them, and carrying away the mud. No improvement is more generally 
wanting, than new forming these roads, so as to raise their surfaces above the 
level of the adjoining land. This would greatly contribute to the hardness of 
them, to economy in keeping them in repair, and to enabling horses to work 
with the advantage of having sufficient air for respiration. 

Emhankments. — Great care is necessary in making high embankments. No 
person should be entrusted with these works who has not had considerable 
experience. The base should be formed, at first, to its fiill breadth ; the earth 
laid on in regular courses or layers, if not more than 4 feet in thickness, of a 
concave form, and no fresh course should be deposited until the preceding one 
is firm and consolidated. The slopes at which cuttings and embankments can 
be safely made entirely depend on the nature of the soil. In the London and 
plastic clay formations, it will not be safe to make the slopes of embankments 
or cuttings, that exceed 4 feet high, with a steeper slope than three to one. In 
chalk or marl, the slopes will stand at 1 to 1. In solid sandstone, at ^ to 1, or 
nearly vertical. Before quitting this subject, it is proper to remark, that 
hi every instance of deep cutting, the greatest pains should be bestowed in 
examining the character of the material to be removed : much difficulty will be 
avoided by proceeding in this way ; but on tbe whole, the best geiierm rule to 
follow, is always to lay out a line of road, so as to avoid, as much as possible, 
deep cuttings and high embankments ; they are always attended with great 
expense, and are unavoidably liable to many objections.’’ — Sir H. Parnell. 

Materials, S(e. — The breadth of roads should vary according to circum- 
stances. In the vicinity of large towns, where the traffic is considerable, the 
road should, in our opinion, be not less than sixty feet between the fences. 
Where there is less traffic, fifty feet will be sufficient. The whole breadth 
should, in these cases, be metalled, or laid with broken stones. Near London, 
and the capitals of Edinburgh and Dublin, perhaps 70 feet is not too great a 
width, and a footpath should be provided on each side. “ The road,” says 
Mr. Telford, in a specification for the Holyhead road, “ is to be 30 feet wide, 
exclusive of footpaths, with a fall of 6 inches from the centre to the side channels.” 
The bed of the new road being prepared for the reception of the materials, 
should, if of a wet or spongy nature, be well ‘ rammed ’ with chips of stone ; in 
some situations it is advisable to lay a stratum of hand-laid stones, of from 5 to 
7 inches in depth, with their broadest ends placed downwards, and the whole 
built compactly together. On this is to be laid the ‘ metal,’ or broken stones, 
to the depth of at least 8 inches, broken of a uniform size, so as to form a solid 
and compact body. To insure uniformity in the size of the broken stones, 
various tests have been suggested; perhaps the most simple is, that every piece 
shall pass through a ring of 2J inches diameter. On this body of metal, no 
binding or gravel should be used ; the angular sides of the metal soon lock into 
each other,* and form a smooth surface. In the selection of road-metal, we 
prefer the several varieties of green-stone. The best kinds of these are less 
friable than granit^ when broken into small pieces. It is, however, often 
necessarj-, for want of better materials, to use sandstone, common limestone, 
and chalk, even in districts where there is a great deal of traffic ; in some 
hiatances, where coal is abundant, sandstone is reduced to a vitreous mass in 
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kilns erected by the road side ; but all such road-metal is now used very 
sparingly in the formation of modern roads, and confined chiefly to the bridle 
tracks. 

The distribution of road-material is very irregular in the British Islands. 
Ihroughout Scotland, we meet with the numerous varieties of granite, green- 
stone, basalt, porphyry, and limestone. In Cheshire, the formation is cliiefly 
coal, sandstone, and the^ softer varieties of limestone. In the southern counties. 


enmk and gravel soils chiefly occur, both of which, under proper management, 
ids. In North and South Wales, we have all the varieties of 


make excellent roads . _ 

road-metal, vvhich are common to Scotland. I n'l reland, tlily Imvelxcelfent 
granite and limestone are pretty generally distributed.” — 
hdinhurgh Etinjclopeedia. 

The reports of the Commissioners of the London and Holjdiead road contain 
a mass of useful and interesting information. The appointment of Mr. Telford 
WM the commencement of a new era in the management of roads ; under his 
judicious supenntendence were planned most of the improvements which have 
since been carried into effect ; and the correct principles on which they were 
conducted, is proved by the present state of this great road. Mr. Macneill 
succeeded Mr. Telford as the Resident-Engineer to the Commissioners, and 
has shewn mmself riot unworthy of his predecessor. While assistant-engineer 
under Mr. ieiford, he suggested an experiment for the purpose of rendering 
^ between Holloway and the Wellington Inn at 

In the year 1829 the Commissianers took the Highgate Archway road under 
therr management, to put m complete repair. In order to accomplish this, 
several expermieiits were tried, by draining the surface and sub-soil, and by 
laying on a thick coating of broken granite; but from the wet and clastic 
nature of the sub-soil, the hardest stones were rapidly worn away by the wheels 
ofearn^es, but much more by *e friction of the stones themselves against 
each other ; for, m a very short time, diey were found to become as round and 
as smooth as gravel pebbles, even at the bottom of the whole mass of road 
bl W M ^ evident, that to form a perfect road, which might 

.oHd ™/epair at a moderate expense, it was necessary to establish a dry 

surface ; but as no stones could be obtained for i^ing 
cement and" at a very great expense, a composition of Roman 

is Mil dm "f eemented mass, and constructing the road, 
r ■" ^.^-Macneill’s evidence before a select Committee of the 
House ot Commons, in May 1 830 ; 

tbe^olkZ ““dar Mr. Telford? Yes.- You conducted 

rnmldfL ti ^'Sbgate Archway road? I did.— Will you explain to the 
of the cement composition which was laid ot the foun- 
wjfb •’ expanse of the cement delivered was 2«. a bushel ; it was mixed 
7 .n..ld K V T washed gravel and sand. — What distance of ground 

six inches^M ll- Laying on the cement six yards wide, and 

1 thickness, came to 10s. a rumiing yard, part old gravel ■ if new 

^aTC ad been purchased, it would have cost from 12s. to 15s • that'included 
fo~ the bed of the road, which was done with very great care. There 
ere four lon^tufonal drains, and secondary drains, nmning from those to the 

with “urfide thf footpaths, covered 

with bnck . they all communicated with each other, and discharged the w-,ter 
into proper outlets. On the prepared centre of six yards in width Tv, .1 
been properly leveEed, the cement was laid on, mixing it” T 

nation or fall from tbe eenh-^ .h -j , “• Ihis'mdent had an inch- 
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cemented mass into the drains. — What time of year was the composition laid on 
the road? Two hundred yards were done in the winter, all the rest in July, 
August, and September. — It has been on the road through the last winter? 
There has been part of it on since June 1828, — nearly two years. — Have you 
examined it, to see what effect the weather has had on it ? I examined it fre- 
quently during the frost, almost every six weeks; I have found it perfectly hard 
in every case, and not injured by the frost, nor by the working of the carriages 
over it.” 

The success of this experiment has placed beyond a doubt the correctness of 
the rule laid down by Mr. Telford, that wherever the substratum is weak, 
spongy, and elastic, it must, at whatever expense, be rendered firm and dry, 
for the reception of the surface materials. If this be attended to, the road- 
metal will remain unmixed with the earth of the sub-soil, and unaffected by the 
changes of wet and frost to which such mixture would expose it ; if this be 
neglected, no outlay of money, or expenditure of material, will ever produce a 
firm, dry, and hard road, 

“ Well-made roads, formed of clean, hard, broken stone,” observes Mr. 
Macneill, “placed on a solid foundation, are very little affected by changes of 
atmosphere ; weak roads, or those that are imperfectly formed with gravel, 
flint, or round pebbles, without a bottoming, or foundation of stone pavement 
or concrete, are, on the contrary, much aftected by changes of the weather. 
In the formation of such roads, and before they become bound or firm, a con- 
siderable portion of the sub-soil mixes with the stone or gravel, in consequence 
of the necessity of putting the gravel on in thin layers : this mixture of earth 
or clay, in dry, warm seasons, expands by the heat, and makes the road loose 
and open ; the consequence is, that the stones are thrown out, and man^ of 
them are crushed and ground into dust, producing considerable wear and dimi- 
nution of the materials. In wet weather, also, the clay or earth mixed with 
the stones absorbs moisture, becomes soft, and allows the stones to move and 
rub against each other, when acted upon by the feet of horses or wheels of 
carriages. This attrition of the stones against each other wears them out sur- 
prisingly fast, and produces large quantities of mud, which tend to keep the road 
damp, and by that means increases the injury.” 

To ascertain the draught of carriages, and the comparative merit of roads, 
Mr. Macneill employs an instrument which he calls a road indicator. The 
very important purposes to which this instrument can be applied, and the 
accurate results given by it. entitle it to attention, as supplying tbe means of 
subjecting the state of roads to an infallible test. Several inventions to effect 
the same ^object have been, at various times, proposed and brought into use 
(see the article Dynamometer) ; but the improvements added to it by Mr. 
Macneill have materially increased their utility. In the Appendix to Sir 
Henry Parnell’s Treatise is inserted an elaborate paper furnished by Mr. 
Macneill, describing the road indicator, and the purposes for which it may be 
used. We can, however, only afford space for a concise description of the instru- 
ment, and refer our readers to the paper itself for further information. 

The framework is of wrought iron, about two feet six inches long, and 
eighteen inches wide. In this frame, a dynamometer and brass cylinder are 
placed ; the dynamometer is connected by its arm to one side of the frame by 
trunnions, which are cast on it, and which turn in a circular hoop or belt, firmly 
screwed to one side of the frame, and a bar running across it. The dyna- 
mometer, or weighing-machine, which forms part of the instniment, was im- 
proved, some years ago, by Mr. Marriott, and is now generally used as a 
substitute for the common steel-yard. On applying the weighing-machine in its 
simple form, to measure the draught of carriages, the index vibrated so quickly, 
and over so large an arc of the circle, that it was impossible to observe the point 
indicating the force of draught ; for a horse exerts his power by a succession of 
impulses, or strokes of his shoulders against the collar, at every step he makes, 
and not by a constanf uniform pull, as is generally supposed. To remedy this 
inconvenience, and do away with the vibrations, a piston, working in a cylinder 
full of oil, is connected with the dynamometer in such a manner, that when any 
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power or force is applied to it, so as to carry round the index, the piston is at 
the same time moved through the fluid. The connexion of the dynamometer 
with the cylinder, is by means of a lever working on a pivot ; the arms of the 
lever are of unequal length ; the tail-piece of the dynamometer is connected with 
the short arm, at a distance of two inches from the centre, or fulcrum, by means 
of a pivot-joint at precisely the same distance from the fulcrum ; a flat bar of 
iron is connected with the longer arm, by a joint similar to that by which the 
tail-piece is connected with the short arm, so that any power or weight applied 
to the bar will produce the same eflTect on the index as if the power was applied 
directly to the tail-piece of the dynamometer; this bar passes over a friction 
roller, and to it the power of the horses is applied when in use, by means of 
traces, and a bar, as in the ordinary mode of draught. At the extremity of the 
long arm, the piston rod is connected by a joint similar to the others ; the piston 
rod, after passing through a stuffing-box in the cap of the cylinder, is screwed 
into a piston, or circular plate of thin brass perforated with small holes ; and 
out of one part of the circumference a square notch is cut, the use of which will 
be hereafter described. By this construction, the resistance of the fluid to the 
piston, which acts at the extremity of the long arm of the lever, prevents its 
turning round the fulcrum to the extent it otherwise woidd do, when it is acted 
upon by any sudden impulse applied to the bar ; it will, however, move over a 
space proportioned to the intensity of the force applied ; and if the pulls follow 
each other in rapid succession, the piston will move slowly out, and the index 
will turn round steadily and uniformly until the power is balanced by the spring 
of the dynamometer, at which time the index will point out on the dial very 
nearly the weight or power which is equivalent to the draught. 

“The divisions on the dial-plate of the dynamometer decrease from zero 
upwards, in order to compensate for the increased force which the spring exerts 
in proportion as it is wound up ; in consequence of this, the index does not pass 
over equal spaces, when equal forces are applied in different states of tension of 
the spring ; the piston, therefore, will not pass through equal spaces in the 
cylinder, and the vibrations would consequently be greater in the higher 
numbers, because, the velocity of the piston being less, its resistance through 
the fluid will be less, at the same time the power opposed to it is greater. To 
obviate this, and make the index equally steady on all parts of the dial, a narrow 
slip of brass, formed into an inclined plane, is soldered to the inside of the 
cylinder, parallel to its axis, the largest part being at that end of the cylinder 
towards which the piston rises, when the index moves towards the greater power. 
The notch, which was before mentioned, as cut in the side of the piston, exactly 
corresponds in size with the largest part of this inclined plane, so that when the 
piston is at the upper end of the cylinder, the notch is completely filled up by 
the inclined plane ; on the contrary, when the piston is at the lower end of the 
cylinder, the notch is open ; by this contrivance, the aperture through which 
the fluid is obliged to pass, as the piston moves from the lower end of the 
cylinder to the higher, is gradually contracted, and of course the resistance of 
the piston through the fluid gradually increases, and compensates the increased 
power of the spring, rendering the vibrations nearly uniform from the lowest to 
the highest power. 

“ To preserve the instrument from injur)', it is embedded in a solid block of 
elm, which can be screwed or clamped to any carriage ; the swingletree is hooked 
into the eye of the draught-bar ; the shafts or pole of the carriage may remain 
in their ordinary position, but care must be taken that no part of the moving 
power is communicated to the carriage, except through the agency of the instru- 
ment. The draught of a carriage is ascertained as follows: — One assistant 
walks along by the side of the carriage, and observes the weight, or force, shown 
by the index on the dial ; at every step he calls out the numbers, ivhich another 
assistant writes down in a book ; these numbers are then added together ; the 
sum divided by the number of observations, will give the mean power, or 
draught, required to draw the carriage over that portioft of the road.” By a 
very ingenious contrivance, Mr. Macneill also practically ascertained the cor- 
rection necessary for the different rates of inclination. Thus, the instrument 
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affixed to a common waggon, which was drawn hy two horses over the pave- 
ment in Piccadilly, from the Duke of Devonshire’s house to Dover-street, the 
sum of observations is 670 lbs., which divided by the number of observations 14, 
gives the mean force, 48j lbs. The street rising 1 in 156, it is necessary to 
apply the appropriate correction, which hy the table is 15 lbs., hence, 
^ = 48J — 15 = 33 lbs., horizontal draught. In a note appended to the 
paper, it is mentioned that the instrument has been further improved by 
Mr. Macneill, it is now mounted in a light phaeton, and besides marking the 
draught at every ten or twenty yards, it points out the distance run, and the 
i-ates of acclivity or declivity on every part of the road. The general results, as 
ascertained by this useful instrument, are stated to be as follows : — 


Weight of Waggon, 21 cwt. 

1. On Well-made pavement, the draught is .... 33 lbs. 

2. „ Broken stone surface, or old flint road .... 65 

3. „ Gravel road 147 

4 ,, Broken stone road, on a rough pavement foimdation 46 

5. „ Broken stone surface, upon a bottoming of con- 
crete, formed of Parker’s cement and gravel . 46 


”1116 wear and tear of roads was a point to which the attention of the Select 
Committee of the House of Commons upon steam carriages, in 1831, was 
directed. The evidence given by Messrs. Telford, Macneill, Mac Adam, Gur- 
ney, Farey, and Alexander Gordon, proves, beyond doubt, that the destruction 
of a road is caused by the feet of the horses travelling, in a much greater pro- 
portion tlian by the wheels of carriages. Mr. Macneill estimates the injury 
done by the wheels of fast coaches, to the injury done by the horses which 
draw them, as one to three in round numbers, or as follows : — 


Coaches. 


Waggons, 


Atmospheric changes . 
Coach-wheels . . . 

Horses’ feet . . . . 


20 

20 

60 


Atmospheric changes 
Waggon-wheels . . 

Horses’ feet . . 



20 

35.5 

44.5 

100.0 


And Mr. Gordon calculated tliat a set of tires would run 3000 miles in good 
weather’; or, on the average, 2700 miles ; but that a set of horses’ shoes would 
travel only 200 miles. 'These are facts which press on our consideration the 
necessity of withdrawing a power so injurious to our roads as horses are 
described to be, and the substitution of a means of locomotion less hurtful. 
'This desideratum will be found in the establishment of steam carriages on turn- 
pike roads, having granite-tramways ; and we hope the period is not distant when 
this important change will be effected. 

The next branch of our subject is the various patents which have been 
granted for improvements in the construction of roads ; under which head we 
shall make a few remarks on pavements. The most eminent engineers have 
expressed themselves decidedly in favour of paving, as more durable, and, in 
the end, cheaper than any other mode of formation. ’The immense traffic in 
the streets of London, and other large cities, and the inconveniences resulting 
from a frequent derangement of the pavement, have long rendered the establish- 
ment of a firm, durable, and smooth city road, a great desideratum. The 
alternate dust and mud on broken stone roads have proved them unfit for 
crowded thoroughfares. They have been tried, but fiiiled. Stone paving of 
various kinds, and evSn cast-iron plates, in the form of a causeway, nave been 
suggested. Of the two kinds of stone pavement with which London, Dublin, 
and Edinburgh, is paved, the one is termed ruble causeway, the other aisler 
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causeway. In the fonner the stones are very slightly hammer-dressed ; in the 
latter they vary from 5 to 7 inches in thickness, from 8 to 12 in length, and 
about afoot in depth. The Commercial Road of London is a fine specimen of 
the aisler causeway. It leads from Whitechapel to the extensive establishments 
of tlie East and West India Docks, at Blackwall and Poplar. It is 2 miles 
long, and 70 feet wide. The footpaths are laid with Yorkshire flags, and the 
stoneway of granite. The tramway is composed of large stone blocks, 18 inches 
wide by 12 inches deep, and from 2J to 10 feet long. They are laid in rows 
four feet apart, on a hard gravel bottom, or a concrete foundation, and have 
their ends closely and firmly jointed to each other, so as to prevent movement, 
either lateral or longitudinal. On this tramway a waggon weighing, with its 
load, 10 tons, was drawn by one horse from the West India Docks, a distance 
of 2 miles, rising 1 in 274, at the rate of nearly 4 miles per hour. The works 
were executed under the direction of Mr. James Walker, the engineer, by 
whom the plans were furnished, and whose report to the trustees of the road 
contains much useful information. 

The Leith Walk of Edinburgh is another example of the aisler causeway, 
forming almost the only thoroughfare to the port of the Scottish metropolis. It 
is regulated by a special trust, and its toll is generally rented at 50001. per 
annum. The causeway of Leith Walk is nearly 2 miles in length ; its breadth 
between the curb-stones, which line ofif a spacious footpath on each side, may 
be taken at the average breadth of 57 feet. The stones with which it is paved 
are of a cubical form, of the largest dimensions of aisler causeway, and are laid 
upon a bed of sharp sea-sand, free of earthy particles. It is now (1886) above 
twenty years since Leith Walk was converted from a very bad common road 
into a spacious causeway ; and although its surface exhibits many inequalities, 
yet it has continued during that comparatively long period, and may continue 
as long without requiring any considerable repair. Now if we compare this 
with the continual repair to which all metal roads, with a traffic similar to that 
of Leith Walk, are incident, we presume that the metal would require to be 
renewed at least every third year. The expense, therefore, would nave been 
much greater for the maintenance of the metal road than for causeway. 

Mr. Alexander Gordon, in his work on Elemental Locomotion, has selected 
some passages from the reports of the Holyhead Road Parliamentary Com- 
mission, which are deserving attention. It appears, from these reports, that on 
a smooth, well-made London pavement, the tractive power necessary to move a 
given weight on a level, is only The stones should be accurately fitted to 
each other, and bedded on a good foundation of broken stones, put on in layers 
of 4 inches at a time until they be 12 inches thick, and then the well-dressed 
pavement of rectangular stones placed on it. Collision and surface resistance 
together being only jL of the weight to be moved, even where the surface is 
composed of numerous stones, the advantages of good pavement seem to us 
obvious, that it cannot but excite astonishment that they should be so much 
neglected. Mr. Johnstone, (in his evidence before the House of Lords in 
1833) proved that the very best pavement would cost only 13s. per square yaifl, 
and would cost nothing in repair for the first three years, and he gave in the 
following statement : — 


First cost, per superficial yard . . . 

Ten years’ repair, at id. per yard . . 

Ten years’ cleansing, at 3d. per yard. 


Deduct value of old stone . 


£ 

S. 

d. 

, 0 

13 

0 

0 

3 

4 

0 

2 

6 

0 

18 

10 

0 

8 

0 



• 

£0 

10 

10 


The old stone might last twenty years longer; but, at all events, would be 
worth eight shillings per yard, after ten years’ wear. Most of the London 



ROADS. 


609 


pavement appears to be laid down at an expense of seven shillings or ten 
shillings per yard. “ If,” says Mr. Macneill, in his evidence, “ you take twenty 
miles of road near London, and also take the repairs of the roads for twenty 
years into account, I should say that paving would be the cheapest kind of 
road.” 

A road of a similar description to the Commercial Road has been proposed 
by Mr. Macneill for the “ London, Liverpool, and Holyhead Steam Coach and 
Road Companv.” On tliis steam carriages, and all other description of coaches, 
wili be tdlowed to travel. If a portion of the road from London to Birmingham 
were laid off on one side, made in a solid manner with pitching and well-broken 
granite, it would fall very little short of a railroad, and the e.xpense would not 
be very considerable. A double row of granite blocks or trams might be laid 
on one side of the road for the wheels of the carriages, and a stone pavement 
between the rows of granite blocks. 

The adoption of this plan would enable steam carriages to travel with great 
velocity, would present no obstacles to other vehicles, would require no other 
sites than the present turnpike roads, and would prevent the immense outla}', 
and certain mischievous consequences that must inevitably result from railway 
speculations. 

Mr. Henry Matthews, of Walworth, proposed a plan of stone railways, upon 
an extensive scale; the stones were to be four feet long, ten inches deep, eleven 
inches in breadth at the top, and fourteen inches at the base ; at certain points 
the stones were to be connected by a kind of mortised joint. This plan pos- 
sessed considerable merit, but the expense, estimated at \l. 5s. per lineal yard, 
for each set of tracks, was an objection : it would, we think, also be found, that 
unless the cubic contents of these stones bore a greater proportion to their 
length, they would not withstand the necessary pressure of carriages. 

Mr. Stephenson, the engineer, in the Edinburgh Encijclopedia, describes a mode 
of constructing a smooth and durable city road, which is both economical and 
ingenious. — “ A street or highway, supposed to measure about thirty feet in 


Fig. 1. {Plan.) 



Fig. 2. {Section.) 


breadth, is laid out in five compartments, independently of foot-paihs. Two of 
these are laid with the aisler causeway tracks, five feet apart, the horse-paths 
of ruble causeway, or broken stones, in the usual way. A B C D (Fig. 1) points 
out a compartment of the road, laid partly with broken stones, in which E E 
and F F are the aisler causeway tracks, A B being a paved open drain, on the 
side of the road. I N shows the limits of a road, also laid with tracks of 
voi. II. 4 ii 
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aifler causeway, as marked at L L and M IVI ; but here the compartments 
between and on each side are paved with ruble, or inferior causeway stones. 
Fig. 2 is a section of the plan described under Fig. 1, and shows the particular 
form of the aisler causeway tracks ; a is a paved drain, b one of the sides, 
made with broken stones, c c two of the aisler causeway tracks, and d the horse- 
path between them. 

In the ) ear 1825, Mr. Thomas Parkins obtained a patent for an improved 
mode of paving, 'flie patentee proposed to lay on common roads continuous 
lines of granite blocks, on which tire wheels of carriages are to run ; the upper 
surfaces are to be level with tlie road, the under surface flat, and tlie stones are 
fitted together by “ bird’s-mouth joints.” Each stone is thus supported by tlie 
stones on eacli side of it, and prevented from partial depressiem. Whatever 
merit may be due to Mr. Parkins for the methods he has suggested, so many 
and so various are the improvements in pavements since the date of his patent, 
that it is unnecessary to describe more minutely the several modes by which he 
proposes to connect the blocks of stones together. 

In the same year, a patent was granted to Mr. Jolin Lindsay, of the Island 
of Hcrm, near Guernsey', for certain improvements in paving; it is described 
in Vol. XI. No. Cl of the London Journal. Fig. 3 is a cross section of the 
street ; D D is a properly-prepared foundation ; h and c c are blocks of smooth 
granite, placed longitudinally, and parallel to each other, for the carriage 
wheels ; d d are also stone blocks, with trenches in their upper surfaces, to serve 
as drains for surface moisture or rain. The intermediate spaces e e e e are filled 
up by common paving stones, with their broadest surfaces downwards, the 
interstices to be filled with granite chips or cement. The central line of granite 
blocks b is to be sufficiently broad to allow two carriages to pass ; and the side 
blocks cc are only required to be wide enough for one wheel to run on. Upon 
the curbs, carriages witli heavy loads will pass with ease, and comparatively 


Fig. 3. 



little labour to the horses. Mr. Lindsay’s plan of preparing the foundation for 
the reception of the blocks, it is unnecessary to detail; and rve believe the 
method of fastening the blocks by cramps, or bar's of iroir, has been long 
known, and, in many cases, acted upon. 1 hough vye conceive his invetuion to 
possess but little novelty, the patentee deserves credit for atlempciiig to improve 
our street pavement ; so valuable, as we have before observed, is a smooth 
and sohd roadway, that every suggestion for its attainment is entitled to 
respect. 

The patents which have been granted for real or fancied inrprovements in 
this department are so numerous, that it is impossible to particularize them. 
The benefits of paving, as superior to all other methods of construction, is, w'e 
think, proved beyond doubt; and of that desciiption of road-making, the tram- 
way of granite blocks appears, in our humble opinion, to offer all that can be 
desired. The writer of this article has frequent occasion to pass through the 
nan-ow street called W’inchcomb-street, near the Haymavket. This is paved 
with blocks of granite, in a similar manner to the Commercial Road : though 
the acclivity is rather steep, the ease with which vehicles are impelled is proof 
buEcioiit, if proof were wanting, of how small a traction power is required on 
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such a road. Uuder the head P-iviso will be found some further Informatiou 
on the subject. 

Scrapers . — In December, 1832, a patent was granted to Mr. John Bourne, 
for a machine for scraping and cleansing roads. 'J'he injury to a road acciuiiig 
from an accumulation of loose mud on its surface, is so well known, that 
labourers are employed on all well-managed roads to scrape them when neces- 
sary. The band-scraper is so very imperfect an instrument, that many inge- 
nious attempts have been made to construct machines for cleansing the road 
surface by sweeping or scraping. Mr. Brown’s plan deserves notice for its 
simplicity. It is thus described in the Repertory of Pateiif Im'enllo)is : — “'This 
machine is formed of a seiies of scrapers fastened to wooden rods, or bands, 
acting on a common a.vis, yet rising or falling singly and independently of each 
other, so as to meet the inequalities of surface. They are all inserted into a 
frame, the lower part of whicli p.-isses on the scrapers, tlie i!])per part being tlie 
handle ; the machine is then fi.ved on wheels, and the mode of using it is by 
hand. The workman commences at a given place by elevating the handle, 
which sinks the scrapers, and he drags the machine across the road at right 
angles to the line of draught ; when he has dragged the mud to the opposite 
side, he depresses the handle, and the scrapers rising, deposit their gatherings. 
The independent action of each scraper enables the w'hole to enter and cleanse 
out any holes or depression.s of the surface, or to get oyer any hard projection ; 
and to adapt itself, generally, to any state of road, or to any kind of surface. 

Very similar to Mr. Bourne’s is a macliina for the same purpi>se by Dr. 
Winterbattom. Two pieces of timber, forming at one end a pair of shafts, are 
secured firmly by tiansverse braces. The iron plate, or front of the scraper, 
is fixed within the braces. A pole, or handle, made fifteen feet long, passes 
through strong holdfasts in the braces. 'This acts as a lever, by wliicli the 
scraper may be raised or sunk at pleasure. The person who holds it may direct 
the scraper, assist it to overcome obstacles, or give it, if necessary, additional 
pressure. The ntachine, when not in use, may be reversed, and is furnished 
with a sledge part, on which it slides when not in use. The method of using 
it is nearly the same as the one we have before described. 

Mr. H. T. Cassell, of Mill Wall, Poplar, has obtained a patent for a bitu- 
minous composition, called by him “ lava stone.” The patentee describes the 
merits of the invention to consist in the discovery of a mode of combining 
certain materials to form a species of stone uniting the advantages of metal 
with those of stone. The properties of this stone are tUirabiiity and toughness. 
It does not absorb water, and is a non-conductor of heat. Each of these pro- 
perries can, in the process of combination, be increased or diminished, to suit 
the piirjroses for which the stone is intended. In paving a street, the following 
method is pursued ; — Instead of disturbing the bottom, it is to be consolidated 
by picking, raking, and rolling. A coating of bituminous lava is then run 
over, and the whole rendered impervious to water. Tliis coating is then to be 
paved over with granite stones of the usual description, and the interstices are 
to be filled in with hot bituminous lava. The whole street thus becomes one 
solid mass, and will need no repairs until the granite is worn too thin to sustain 
the weight of the passing traffic. 

In using the “ lava-stone ” for the construction of roads, Mr Cassell directs 
the road to be prepared by raking and rolling it till uniform and even. The 
lava carts are tiien to be brought on, and tlie iava-stoiie previously prepared is 
run hot from the carts to the depth of two, three, or four inches, according to 
the anticipated traffic. The hot lava uniting itself to the substrata of prepared 
ground, becomes one solid mass, and will not admit of the passage of any mois- 
ture. A road thus formed, will last several years in good condition, and u ill 
always present one even surface. The patentee has published a small pamphlet, 
describing the various modes of using the “ lava-stone,’’ the difi’erent purposes 
to which he conceives it may be applied, and a table of prices. We mast refer 
the reader to this pamphlet for fiirtlier information. 

Mr. Cassell's plan is not destitute of merit or originality ; but we think he is 
too sanguine in his expectations of the results. Upon roads where the traffic 
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is not very considerable, it will probably make an excellent, firm, and d.irable 
surface ; but on our great thoroughfares, the expense of the “ lava-stone" would 
be an objection, as we are sure it must be laid on in much greater thickness 
than suggested by the inventor. 

It appears to have been used with decided success on the Ferry -road. Will 
Wall, Poplar, on the Vauxhail Road, on the premises of Messrs. Goding, the 
Ale Brewers, Mr. Giblett, of Bond Street, and many other places ; and we liave 
before us a letter from Mr. Martin, the Secretary of the Vauxhail Bridge Com- 
pany, in which the piece of road, laid with the lava, is spoken of in a very satis- 
factory manner. An experiment has been lately tried on the Whitechapel 
Road with this composition, which is certainly a failure ; it is, however, but 
justice to the patentee to state that the unfavourable circumstances under 
which the work was executed, sufficiently explain his want of success in 
this case. 

ROLLING-MILL. A term frequently applied to the machinery by which 
metals are laminated or compressed by rollers, into various forms. See the 
article Iroh. 

ROOF. The top covering to a house or other building ; in which sense it com- 
prise.s the timber work, slate, tile, lead, with whatever else is necessary to form 
and complete the whole. Roofs are of various forms. First, the pointed roof, 
in wliich the ridge, or the angle formed by two rafters at the point at top where 
they meet, is an acute angle. Secondly, the sguare roof, in which the angle at 
the ridge, formed as above, is a right angle. Thirdly, the flat roof, or rather 
pediment roof, which has the angle at the ridge, more or less obtuse. There are 
various other forms, as the hip-roof, the valley-roof, the hopper-roof, the salt- 
box roof, the round roof ; and when the covering of a building is flat, it is deno- 
minated a platform, technically, and not a roof. For a full and exact description 
of every kind of roof, we must refer the reader to Nicholson’s Practical 
Builder, contenting ourselves by presenting to him a very elegant and 
economical arrangement for a pediment roof, recently designed by A. H. 
Houldsworth, Esq., for the pi-esentation of a model of which to the Society of 
Arts, &c., that gentleman was awarded an honorary medal. It is represented 
in the following cut. 



The advantages which this method afibrds, are, the saving of p considerable 
proportion of the timber usually employed, and the gaining for useful purposes 
the whole space that is contained within the roof. Mr. Houldsworth constructed 
a roof of this kind over the dwelling-house of a frieiiA of his, and notwith- 
standing his walls were only six feet above his upper floor, he has obtained, in 
consequence, good lofty rooms, whilst the outside of his house appears very 
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low; his bams, bay-!ofts, Ac., are built upon tbe same plan. A A repsesent 
the walls of the house, and B one of the timbers of the uppermost floor, resting 
on the sleepers//, which are let into the wall: over two other sleepers, laid in 
the top of the wall, are fitted two pieces of wood, DD. The principal raflevs, 
C C, forminj each pair, are then secured at the bottom into the pieces D D, and 
are fastened to each other at the top by iron pins. Each pair of the principal 
rafters C C is supported by two arch pieces E E ; these pieces are in t/ieir grahi, 
and are formed on the plan recommended by Mr. Hookey, of the King’s Yard, 
at Woolwich, to whom the country is so much indebted for this mode of con- 
verting the timber. They are cut lengthways, by a saw, into three pieces, to 
within two feet of one end ; are then placed in a stenm-kiln, and boiled until 
they will bend freely, when they are fixed to a mould and left to cool ; after 
which a few pins of wood are driven through them, to keep the pieces so cut 
from again flying open. The arch pieces will get a little out of shape when 
taken from the mould, but will be easily brought back, and when secured under 
the principal rafters, will fit the more firmly. The lower ends of these arch 
pieces are inserted in the beam B of the floor, and therein firmly pinned, while 
at the top they cross one another, and each butts against its opposite rafter. 
They are further secured by iron straps to the short pieces D D, on which the 
principal rafters rest, thus preventing the latter from sinking, and thrusting out 
the walls, and making the whole a stiff and complete framing, on which the 
longitudinal rafters and transverse pieces are fastened in the usual manner. 

llie roofs of barns or other buildings that have only a ground floor, may be 
constructed in the same way, care being always taken to bring tlie feet of the 
arch pieces so far down the wall as to give them a firm bearing. 

Mr. Holdsworth having already constructed several roofs of great widths on 
the plan described, expresses liis entire confidence of being able to apply the 
same principle to a roof of any given span for which timber of sufficient length 
could be procured. This elegant improvement, which does away with all those 
inconvenient timbers in roofs of the ordinary construction, called king-posts, 
queen-posts, braces, &e. Ac., consequently leaves the whole space (as before 
observed), which is usually employed to no useful purpose, for the making of 
good lofty rooms, besides effecting a considerable saving on timber. N umerous 
examples of the inodes of trussing girders for roofs, are given under the article 
Beam. 

ROPE-MAKING. The art of forming fibrous, flexible, and tenacious sub- 
stances info cordage. The principal aim of the ropemaker is to unite the 
strength of a great number of fibres. This would be done most elfectuallv, 
were the fibres long enough, by lajnng them parallel to each other, and fastening 
the bundle at each end. They must therefore be combined together in such a 
maiinei' that the strength of any single fibre shall be insufficient to overcome 
the resistance of the friction occasioned by the entanglement, but rather break: 
and this effect is found to be produced most easily by twisting them together, so 
that they shall mutually compress each other. On the other hand, a skein may be 
twisted so hard, that any attempt at farther twisting will break it ; such a 
skein can have no strength to support a weight, each fibre being already loaded 
as much as it can bear, and therefore any weight added would break it. What- 
ever force is actually exerted by a tvristed fibre, in order that it may sufficiently 
compress the rest to hinder them from being drawn out, must be considered as 
a weight hanging on that fibre, and must be deducted from its absolute strength 
of cohesion before the strength of the skein can be estimated. The strength of 
tbe skein is evidently the remainder of the absolute strength of the fibres after 
the force exerted in twisting them has been deducted. Hence arises that fun- 
damental principle in rope-making, namely, that all twisting beyond what is 
necessary fon preventing the fibres from’beiug drawn out without breaking, 
diminishes the strength of the cordage, and is, therefore, to be avoided. Thus 
it is necessary to twht the fibres of hemp together, in order to make a strand ; 
but twisting is not JRl ; something must be done to prevent the skein from 
again untwisting as soon as it is let loose from the hand ; some method must be 
adopted to make the tendency to untwist in one part, act against and counter- 
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balance the like tendency to untwist in another ; in the properly accomplishing 
this, consists one of the principal difficulties of rope-making. The following 
observations, for distinctness’ sake, apply chiefly to the larger cordage, such as 
forms the standing and running rigging of a ship ; but they are easily extended, 
with proper modifications, to the smaller kinds. 

The first part of the rope-making process consists in twisting the hemp ; that 

is, making rope-yarns. These are spun in various wavs, according to the nature 
of the machinery employed, and the cordage to be made. A slip of level 
ground is enclosed, of about 600 feet long, of a breadth sufficient to contain 
the number of machines employed, and either covered witb a slight roof, or left 
open at top. A spinning-wheel is set up at the upper end of this walk. The 
band of this wheel goes over several rollers called whirls, turning on pivots in 
brass holes. Tlie pivots at one end come tlirough tlie frame, and terminate in 
little hooks. The wheel being turned by a winch, gives motion to all these 
whirls. The spinner has a bundle of dressed hemp round his waist, laid in the 
same way that women spread the flax on the distaff. He draws ont a proper 
number of fibres, twists them with his fingers, and affixes them to the hook of 
a whirl. The wheel is now turned, the skein is twisted, becoming what is 
called a rope-yarn, and the spinner walks backwards down the rope- walk. The 
spinner supports the yarn in one hand (protected by a wetted piece of coarse 
cloth or flannel), while with the other he regulates the quantity of fibres drawn 
from the bundle of hemp by the motion of the twisting yarn. The greatest 
fault that can he committed, is to allow a small thread to be twisted off from 
one side of the hemp, and then to cover this with hemp supplied from the other 
side ; for it is evident that the fibres of the central thread make very long 
spirals, while the skin of the fibres which covers it must be much n>ore oblique. 
This covering has but little connexion with what is below it, and will easily be 
detached. But even while it remains, the yarn cannot be strong, for on pulling 

it, the middle part, which lies the straightest, must bear all the strain. This 
defect will always happen if the hemp be supplied in a considerable body to a 
yarn that is then spinning small. Into whatever part of the yarn it is made 
to enter, it becomes a sort of loosely connected wrapper. A good spinner, 
therefore, endeavours always to supply the hemp in the form of a thin, flat skein. 
The degree of twist depends on the rate of the wheel's motion, combined witli 
the retrogade walk of the spinner. We may suppose him arrived at the lower 
end of the walk, or as far as necessarj' for the length of the yarn ; he calls out, 
and another spinner immediately detaches the yarn from tlie hook of the whiil, 
gives it to another, who carries it aside to the reel, and this second spinner 
attaches his own hemp to the whirl-hook. In the mean time, the first spinner 
keeps fast hold of the end of his yarn ; for the hemp, being dry, is very elastic, 
and if he were to let it go out of his hand, it would instantly untwiS. He 
waits, therefore, till the reeler begins to turn the reel, and then walks slowly up 
tlie walk, keeping the yam of an equal tightness all the way. 

Rope-yarns, for large rigging, are from a quarter of an inch to somewhat 
more than the third of an inch in circumference ; or of such a size, that 1 60 
fathoms of white yarn weigh from 3o to 4 pounds. The number of yarns in a 
strand of cordage varies ft om sixteen to twenty-five. Tlie yards are made into 
cords of any length, by laying them ; and that we may have a rope of any 
degree of strength, many yams are united into one strand, for the same reason 
that many fibres are united into one yam. 

The process for laying or closing large cordage, is as follows : — At the upper 
end of the walk is fixed a tackle-board. This consists of a strong oaken plank, 
called a breast-board, having several holes in it, fitted with brass or iron plates. 
Into these are put iron cranks called heavers, which have forelocks and keys, 
on the ends of their spindles. This breast-board is fixed to the fop of strong 
posts, and well secured by struts or braces. At the lower end of the rope-walk 
is a similar breast-board fixed to a movable sledge, which may be loaded with 
weights when necessary. A lov, which is a truncated done, having scores in 
Its sides for the strands, a long staff, and supported on a sledge or carriage, is 
placed between the strands, and, when necessary, gently forced into the angle 
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formed by tlieir separation. A piece of soft rope, called a strap, is attached to 
the handle of the top, by the middle, and its two ends are brought back, 
wrapped several times tight round the rope, and bound down. The yams are 
formed into strands, each of which is knotted apart at both ends. The knots at 
their upper ends are made fast to the hooks of the cranks in the tackle-board ; 
and those at the lower end, to the cranks on the sledge. The sledge itself is 
kept in its place by a tackle, and a proper weight laid on it till the strands are 
sti etched in their places. The tackle is now cast off, the cranks turned at both 
ends, and as the strands contract by the operation, the sledge is dragged up tl e 
walk. Vi hen the strands are sufficiently hardened, they are taken off the 
cranks, the cranks taken out, and a very strong crank put in the centre hole of 
the tackle-board. To this all the strands are now attached ; the top is placed 
between the strands, as before described, and the lieavers at the tackle-board 
and sledge continue to turn as before. By the motioir of the sledge-crank, the 
top is forced away from the knot, and the rope begins to close. As this advances, 
the rope shortens, and the sledge is dragged up the walk. The top moves 
faster, and at last reaches the upper end of the walk, the rope being now laid. 

Such is the general and essential process of rope-making ; and in the course of 
this process, it is in our power to give the rope a solidity and hardness which 
makes it less penetrable by water. Some of these purposes arc inconsistent 
with others ; and the skill of a rope-maker lies in making the best compensation, 
so that the rope may, on the whole, be the best in point of strength, pliancy, 
and duration, that the quantity of hemp in it can produce. 

The following rule for judging of the weight which a rope will bear, is not 
far from the truth. Multiply the circumference in inches by itself, and the 
fifth of the product will e,xpress the number of tons which the rope will carry. 
Thus, if the rope have 6 inches circumference, 6X6 = 36, the fifth of which 
is 7J tons ; apply this to the rope of 3* inches, on which Sir Charles Knowles 
made his experiments, 3g X 3j = 10.25; one-fifth of which is 2.05 tons, or 
4592 pounds. It broke with 4550. This may suffice for a general account of 
the mechanical part of the manufacture : but we have taken no notice of the 
operation of tarring, because it would be no easy task to enumerate all the 
various methods employed in different rope-works. It is evidently proper to 
tar in the state of twine or yarn, this being the only way in which the hemp 
can be uniformly penetrated. The yarn is made to wind off one reel, and 
having passed through a vessel eontidning hot tar, it is wound upon another 
reel, and the superfluous tar is taken off, by passing through a hole surrounded 
W'ith spotigy oakum ; or it is tarred in skeins or hauls, which are drawn by a 
capstern, through the tar kettle. 

Tarred cordage, when new, is weaker than white, and the difference increases 
by keeping. The following experiments were made by M. Uu Hamel, at 
Rochefort, in 1743, on cordage of three inches (French) in circumference, made 
of the best Riga hemp. 

Made August 8, 1741. 


White. Tarred. 

Broke with 4,500 pounds. . . . 3,400 pounds. 

„ 4,900 3,300 „ 

„ 4,800 3,250 „ 

Made April 25, 1743. 

„ 4,600 3,500 „ 

„ 5,000 3,400 „ 

, Rfade September 3, f 746. 

„ 3,800 3,000 „ 

4,000 2,700 „ 

„ *4,200 2,800 
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M. Du Hamel says, that it is decided by experience, 1st. That white cordage 
in continual service is one-third more durable than tarred. 2d. That it retains 
its force much longer while kept in store. 3d. That it resists the ordinary 
injuries of the weather one-fourtli longer. AVhy, then, should cordage be tarred ? 
The answer is. That tarring preserves cables and grouitd tackle, which are 
greatly exposed to the alternate action of water and air ; for white cordage, 
exposed to be alternately very wet and dry, is found to be weaker than 
tarred cordage ; and that cordage which i.s superficially tarred is always 
stronger than what is tarred throughout, and resists better the alternatives of 
wet and dry'. 

ROTATORY ENGINES. Engines having a rotatory motion ; see the 
article Steam. 

ROTTEN STONE. A decomposed soft stone, used for polishing. 

RUBY. A genus of precious stones of various colours ; but those only of a 
deep red, inclining to purple, are popularly regarded iis rubies. 

RULE. An instrument with lines, divisions, and numerals, marked upon it, 
of the greatest utility in mensuration. There are, of course, numerous kinds 
adapted to their peculiar objects. The most extensively' useful is unquestion- 
ably the carpenter’s rule, for taking lineal measurements, which is therefore 
divided into feet, inches, and various parts, scales of proportion. Sic. There are 
various sliding rules, for pet forming computations ; others furnished with tables 
adapted to the use of all kinds of trades and manufactures, as well as pro- 
fessional persons. For rules especially designed for di'awing parallel lines, see 
Parallel Role. 


S 


SABRE. A broad sword with a curved blade. 

S.ACCHAROMETER. An insti-ument for ascertaining the strength of 
worts, in the preparation of malt liquor for beer or distilling spirit ; its name, 
however, simply implies a measurer of saccharine matter, or sweetness. See 
Distillatiox. 

SACKBUT. A wind musical instrument, of the trumpet kind. 

S.IDDLE. a seat fi rmed upon a horse’s back, for the convenience of the 
Tider. Saddles are as various as the nations that use them; and even in the 
same country as in this they are made in a variety of forms and fashions, 
•which are too familiar to our readers to need description. The improvements 
of late years have contributed much to the ease of both the horse and the 
rider. Among the recent patents having this object in view, we shall mention 
the leading features of two or three of them. 

To give increased elasticity to the scats of saddles, Mr. Marsh employs fine 
wire springs, in lieu of the wool and other materials generally used in stuffing 
them, which are apt, by the compression of the rider, to become hard. The 
springs are of the kind used in garters and elastic braces. They are extended 
in rows from the front to the back of the saddle, upon tlie ordinarv 
packing, and secured by sewing their ends to a web which is attached 
to the saddle. When this is done, the usual coating of cloth is put over 
the wire springs, and fastened down upon the covering of the packing 
below, by stitching in lines at small distances apart, crosswise of the saddle, 
by which means the rows of wire will be kept alongside of each other, and 
prevented from overlapping. The external covering forming the seat being 
now placed over the springs, and finished in the usual way, an elastic seat is 
produced, which, it is said, is much superior to any kind of plicking before 
used. 

Mr. Heniy Calvert, of Lincoln, had a patent in 1830, the object of which 
was to avoid the inconvenience and danger occasioned by saddles slipping 
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forward. The subjoined cut represents one of 
Mr. Calvert’s, with the exterior cover and flap 
removed to show the construction. The im- 
provement mainly consists in attaching to the 
fore part of the^ saddle-tree an elastic plate of 
metal extending in a sloping direction towards 
the front of the saddle ; it is confined by two 
loops, which receive the girth strap; the proper 
shape of the sweat-flap is also shown. The 
small buckle which is fixed to the loose end of 
the girth is drawn up to the small strap after the 
horse is girthed. The front girth of course is 
strapped first, and the second not quite so tight. 

By this arrangement it will be seen that the 
saddle is kept in its place by the elasticity of the 
metal plate, and that it cannot move forward 
upon the horse without the girth being lengthened. 

Messrs. Laurence and Rudder had a patent in the succeeding year for “an 
improvement in saddles and girths by an apparatus fixed to either of them 
the object of which was to give to saddle girths an elasticity to preserve 
sufficient tension under the varying dimensions of the animals to which they 
may be applied. Saddle-girths, for instance, that have been put on immediately 
after the horse has been fed, must either be made inconveniently tight at first, 
or else they will become inconveniently loose as the size of the animal 
diminishes by the digestion of his food. The patentees denominate their girths 
the constrictor girths, (probably from their grasping the animal dike a boa- 
constrictor,) and they are made by attaching to the saddle-tree by a pair of 
hinges, a small shallow brass case containing a series of grasshopper springs, 
and behind the springs is a movable plate, to which the girth-straps are attached 
in such manner that when the movable plate is pulled down by the girth-straps 
the springs ate collapsed, or brought into a position to exert their elasticity in 
preserving the lightness of the girth. 

Several other inventors have patented their contrivances for similar objects to 
the foregoing, the details of which would be generally uninteresting ; those 
persons, therefore, who wish to extend their investigations of these matters we 
must refer to the Repertory of Arts, the London Journal of Arts, and the 
Inrolment OfiSces in Chancery. 

There is another species of saddle, worn by horses in harness ; one of which. 




as improved by Mr. J. Lukens, of Philadelphia, we lately saw in the shop of 
Mr. Cuff, of Pall-Mall East, It is lepresented in the preceding cut; and is 
VOL. II. 4 I 
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sometimes called a harness pad. They are adapted to fit the back of any horse. 
a is the pad or saddle, the two sides of which are connected by a flexible strap, 
and also by a curved inflexible bar, which is attached to the terrets b b, by 
joints at c c. In the middle of the curved bar is fixed what is termed the bolt 
hook. The joints at c c, it will be perceived, allow of the pads being moved 
nearer to, or farther from the centre of the horse's back ; on which they sit 
very lightly and pleasantly. 

SAFETY LAMP. See Lvmp. 

SAFETY VALVE. See Valve. 

SAFFLOWER. See Carthamus. 

SAFFRON. The stigmata of the crocus officinalis, dried on a kiln, and 
pressed into cakes. It is grown in various parts of Europe, as well as in this 
country. A tract of land about ten miles across, is applied to the culture of 
this valuable product in Cambridgeshire. The greatest part of this tract is an 
open level country, with few inclosures ; and the practice there is to crop the 
plants for two years» and then let it lie fallow the third. For planting, the fal- 
low ground is well ploughed and manured, and afterwards dug by a narrow 
spade into trenches, wherein the roots are put, and subsequently covered over 
in forming the next trench, the roots in which are in like manner covered with 
the earth from the succeeding one. The quantity of roots planted on an acre 
is about 128 bushels. About the end of September, the flowers appear. They 
are gathered before they are full blown, as well as after, and 'the proper time 
for it is early in the morning. The owners of the saffron-fields get together a 
sufficient number of hands, who pull off the whole flowers, and throw them by 
handfuls into a basket, and so continue till about eleven o’clock. Having then 
carried home the flowers, they immediately fall to picking out the stigmata or 
chives, and together with them a pretty large proportion of the stylus itself, or 
string to which they are attached : the rest of the flower they throw away as 
useless. Next morning they return to the field, without regarding whether 
the weather be wet or dry : and so on daily, including Sundays, till the whole 
crop is gathered. 

The next labour is to dry the chives on the kiln. The kiln is built upon a 
thick plank, that it may be moved from place to place. It is supported by four 
short legs : the outside consists of eight pieces of wood of three inches thick, 
in form of a quadrangular frame, about twelve inches square at the bottom 
on the inside, and twenty-two on the upper part ; which last is likewise the 
perpendicular height of it. On the fore side is left a hole of about eight inches 
square, and four inches above the plank, through which the fire is put in ; over 
all the rest laths are laid pretty thick, close to one another, and nailed_ to the 
frame already mentioned. They are then plastered over on both sides, as are 
also the planks at bottom, very thick, to serve for a hearth ; over the mouth is 
laid a hair-cloth, fixed to the edges of the kiln, and likewise to two rollers or 
movable pieces of wood, which are turned by wedges or screws, in order to 
stretch the cloth. Instead of the hair-cloth, some people use a net-work of 
iron-wire, by which the saffron is soon dried, and with less fuel ; but the diffi- 
culty of preserving it from burning makes the hair-cloth be preferred by the 
best judges. The kiln is placed in a light part of the house; and they begin 
with putting five or six sheets of white paper in the hair-cloth, and upon these 
they lay out the wet saffron two or three inches thick. 1 1 is then covered with 
some other sheets of paper, and over these they lay a coarse blanket five or six 
times doubled, or instead of this a canvas pillow filled with straw; and after 
the fire has been lighted some time, the whole is covered with a board having 
a considerable weight upon it. At first they apply a pretty strong heat, to 
make the chives sweat as they call it ; and at this time a great deal of care is 
necessary to prevent burning. When it has been thus dried about an hour, 
they turn the cakes of saffron upside down, putting on the/:overings and weight 
as before. If no sinister accident happen during these first two hours, the 
danger is thought to be over ; and nothing more is requisite than to keep up a 
very gentle fire for twenty-four hours, turning the cake every half hour. That 
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fuel is best which yields the least smoke ; and for this reason charcoal is pre- 
ferable to all others. 

The quantity of saffron produced at a crop is uncertain ; sometimes five or 
six pounds of wet chives are got from one rood, sometimes not above one or two, 
and sometimes not so much as is sufficient to defray the expense of gathering 
and drying : but it is always observed, that about five pounds of wet saffron go 
to make one pound of dry, for the first three weeks of the crop, and six pounds 
during the last week. When the heads are planted very thick, two pounds of 
dry' saffron may, at a medium, be allowed to an acre for the first crop, and 
twenty-four pounds for the two remaining ones, the third being considerably 
larger than tlie second. To obtain the second and third crops, the labour of 
hoeing, gathering, picking, &c., already mentioned, must be repeated ; and 
about Midsummer, after the third crop is gathered, the roots must all be taken 
up and transplanted. The best saffron has the broadest blades, — this being the 
mark by which English saffron is distinguished from the foreign ; it ought to 
be of an orange or fiery-red colour, and to yield a dark yellow tincture ; it 
should be chosen fresh, not above a year old, in close cakes, neither dry nor yet 
very moist, tough and firm in tearing, of the same colour within as without, and 
of a strong, acrid, diffusive smell. This drug has been reckoned a very elegant 
and useful aromatic ; it imparts the whole of its virtue and colour to rectified 
spirit, proof spirit, wine, vinegar, and water. A tincture drawn with vinegar 
loses greatly of its colour in keeping ; the watery and vinous tinctures are apt 
to grow sour, and then lose their colour also ; that made in pure spirit keeps in 
perfection for many years. 

SAGO. A nutritive substance, brought from the East Indies, of considerable 
use in diet as a restorative. Sago is procured from a tree called landau, growing 
in the Moluccas : this tree is a species of the palm, which grows naturally in 
Japan, and upon rocky, dry mountains in Malabar, and its production is an 
universal article of food among the inhabitants of Amboyna, Ceram, Celebes, 
and the surrounding islands east of Celebes, and also in Borneo. The progress 
of its vegetation, in the early stages, is very slow : at first, it is a mere shrub, 
thick set with thorns, which make it difficult to come near it ; but as soon as 
its stem is once formed, it rises in a short time to the height of thirty feet, is 
about six feet in circumference, and imperceptibly loses its thorns. Its ligneous 
bark is about an inch in thickness, and covers a multitude of long fibres, which, 
being interwoven one with another, envelope a mass of a gummy kind of meal. 
As soon as this tree is ripe, a whitish dust, which transpires through the pores 
of the leaves, and adheres to their extremities, proclaims its maturity. The 
Malays then cut them down near the root, divide them into several sections, 
which they split into quarters ; they then scoop out the mass of mealy sub- 
stance, which is enveloped by, and adheres to the fibres; they dilute it in pure 
water, and then pass it through a straining bag of fine cloth, in order to separate 
it from the fibres. When this paste has lost part of its moistme by evaporation, 
the Malays throw it into a kind of earthen vessels, of different shapes, when 
they allow it to dry and harden. This paste is a wholesome, nourishing food, 
and may be preserved for many years ; the Indians eat it diluted with water, 
and sonietimes baked or boiled: a jelly is sometimes made of it, which is white, 
and of a delicious flavour. The finest part of the meal is mixed with water, and 
the paste is rubbed into little round grains, like small shot, and dried. This is 
the sago of the shops. 

SAIL. A sheet of canvass e.xtended on a stay, yard, &c. for the purpose of 
receiving the pressure of the wind, and thereby communicating the motion of 
the wind to the vessel to which it is attached. 

S.AL. Tl>e Latin name for salt, commonly adopted in chemical language, 
as in the following examples, which require explanations : — 

Sal-alemhroth, a compound muriate of mercury and ammonia. 

Sal-ammoniac, mufiate of ammonia. 

Sal-ammoniac, secret, sulphate of ammonia. 

Sal de Duobus, sulphate of potash. 

Sal-gem, native muriate of soda. 
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Sal-martis, green sulphate of iron, 

Scd-frunella, nitrate of potash. 

SALIFI.^BLE B.ASES. Those metallic, earthy, or alkaline substances, 
which have the power of neutralizing acidity entirely or in part, and producing 
salts. 

SALT. A term commonly used in chemistry, to denote a compound in 
definite proportions, formed by the union of an acid with an alkaline, earthy, 
or metallic base. We have already given a brief enumeration of some of the 
most remarkable, under the article Chemistry. In consequence, however, ot 
the progressive discoveries which for the last half century have been continually 
made, and are still making, in chemistry, many deductions, which, at the time 
they were made, were considered as conclusive facts, have since been either 
wholly abandoned, or subjected to considerable modifications. A salt has 
usually been denominated by chemists a neutral salt, when the proportions of 
the constituents are so adjusted, that the resulting substance does not affect the 
colour of infusion of litmus or red cabbage. When the predominancy of acid 
is evinced by the reddening of these infusions, the salt is said to be acidulous, 
and the prefix super, or hi, is used to indicate the excess of acid : thus we call 
one particular salt super-tartrate of potash, and another, bi-sulphate of lime, 
where the acid exists in excess. But when, on the contrary, the acid matter is in 
too small a quantity to completely neutralize the alkalinity of the base, the salt 
is said to be witii an excess of base, and the prefix sub is attached to its name : 
thus we have the sub-phosphate of bismuth, &c. We are indebted to Dr. 
Pearson for the introduction of these very convenient distinctions ; but, as 
Dr. Ure justly observes, “ the discoveries of Sir H. Davy have taught us to 
modify our opinions concerning saline constitution. Many bodies, such as 
culinary salt and muriate of lime, to which the appellation of salt cannot be 
refused, have not been proved to contain either acid or alkaline matter ; but 
must, according to the strict logic of chemistiy, be regarded as compounds of 
chlorine with metals.” Dr. Ure further remarks, in stating the opinion of Sir 
H. Davy on the subject, “ that very few of the substances which have always 
been considered as neutral salts, really contain in their dry state the acids and 
alkalies from which they were formed ; ” and he instances the muriates and 
fluates, neither of which, he says, contains either an acid or 5n alkali ; and, 
according to Gay Lussac, the same may be inferred of the prussiates. The 
most important general habitude of salts is their solubility in water, in which 
they usually crystallize, and, by its agency, are purified, being separated from 
one another in the inverse order of their solubility. 

The commercial name of a salt diflers from that by which it is known to 
chemists ; it may therefore be proper to show what kinds of salt are to be under- 
stood by the popular names which they bear in the shops. 

Ammoniacal Mixed Salt, muriate of lime. 

Ammmiacal Secret Salt of Glauber, sulphate of ammonia. 

Arsenical Neutral Salt of Macquer, super-arseniate of potash. 

Bitter Cathartic Salt, sulphate of magnesia. 

Common Table Salt, muriate of soda. (We shall treat of this kind more at 
large in a subsequent part of this article.) 

Digestive Salt of Sylvius, or Diuretic Salt, acetate of potash. 

Epsom Salt, sulphate of magnesia. 

Febrifuge Salt oj Sylvius, muriate of potash. 

Fusible Salt, phosphate of ammonia. 

Fusible Salt of Urine, triple-phosphate of soda and ammonia. 

Glaubers Salt, sulphate of soda. 

Marine Salt, muriate of soda.- . 

Marine Argillaceous Salt, muriate of alumina. 

Miciocosmic Salt, triple-phosphate of soda and ammonia. 

Nitrous Ammoniacal Salt, nitrate of ammonia. 

Salt of Amber, succinic acid. 

Salt of Benzoin, benzoic acid. 

Salt of Canal, sulphate of magnesia. 
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Salt of Colcothar, sulphate of iron. 

Salt of Egra, sulphate of magnesia. 

Essential Salt of Lemons, super-o.xalate of potash. 

Salt of Saturn, acetate of lead. 

Salt of Seidlitz, sulphate ot magnesia. 

Sa/t of Seignette, triple-tartrate of potash and soda. 

Salt of Soda, sub-carbonate of soda. 

Salt of Sorrel, super-oxalate of potash. 

Salt of Tartar, sub-carbonate of potash. 

Salt of Vitriol, purified sulphate of zinc. 

Salt of Wisdom, a compound-muriate of mercury and ammonia. 

Perlate Salt, phosphate of soda. 

Polgclirest Salt of Glauber, sulphate of potash. 

Sedative Salt, boracic acid. 

Spirit of Salt, muriatic acid. 

Sulphureous Salt of Stahl, sulphate of potash. 

Wonderful Salt, sulphate of soda. 

Wonderful Perlate Salt, phosphate of soda. 

Salt, Culinary; though usually so denominated, is chemically, the muriate of 
soda, and, according to recent discoveries, a chloride of sodium, being a compound 
of chlorine, with the metallic base of soda. This salt is obtained by a variety 
of methods. It is either dug out of the earth in a solid form, and dissolved, 
purified, and evaporated for use ; or sea-water is evaporated, either by natural 
or artificial means, and salt is obtained from the purified residuum. The most 
abundant supply of rock-salt in this country is obtained from the mines in 
Cheshire, where the brine is pumped up from the brine-pits, saturated with 
rock-salt, and then boiled. One hundred tons of the saturated solution of rock- 
salt in sea-water will be found to yield about twenty-three tons of salt. 

The celebrated mines of Poland, whence the rock-salt has been continually 
abstracted in immense quantities for a period of upwards of five hundred years, 
where, at times, they have 20,000 tons ready for sale, is, however, not so pro- 
ductive as those in Cheshire. At Cordova, in Spain, there is a mountain of 
pure rock-salt, from 400 to 500 feet high, and a league in circuit; the depth 
below the surface of the ground is unknown. In Louisiana, near the river 
Missouri, there is said to be a mountain of pure rock-salt of the best quality, 
which is SO miles long, 45 miles wide, and of an immense height. 

The waters of the ocean every where abound with common salt, though in 
different proportions : the average has been calculated to be about one-thirtieth 
of its weight. In the cold climates, the quantity of salt in the sea-water does 
not appear to be nearly so great as between the tropics. In Russia, and other 
northern countries, the salt is usually obtained from the sea-water, by freezing 
the latter ; the ice, which is nearly fresh, being then removed, the remaining 
brine is very.strong, and is subsequently evaporated by boiling. In tbe southern 
parts of Europe, and other warm countries, the usual mode of obtaining the 
salt is by spontaneous evaporation. A flat piece of ground near the sea is 
chosen, and banked round, to prevent its being overflowed at high water. The 
space within the banks is divided by low walls into several compartments, 
which successively communicate with each other. At flood tide, the first of 
these is filled with sea-water; which, by remaining a certain time, deposits its 
impurities, and loses part of its aqueous fluid. The residue is then suffered to 
run into the next compartment, and the former is filled again as before. From 
the second compartment, after a due time, the water is transferred info a third, 
which is lined with clay, well rammed and levelled. At this period, the evapo- 
ration is usuijly brought to that degree, that a crust of salt is formed on the 
surface of the water, which the workmen break, and it immediately’ falls to the 
bottom. They continue to do this until the quantity is sufficient to be raked 
out and dried in heaps': this is called bay-salt. 

In several parts of France, and on the coast of China, the sands of the sea- 
shore are washed, and the biine thus obtained is subsequently e\aporated in 
boilers. In various places of Germany and France, the salt waters are pumped 
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up to the top of very extensive sheds, filled with brushwood, over which it is 
duly distributed by means of gutters, whence, falling in drops from sprig to 
sprig, a rapid evaporation takes place over an immense surface ; the same water 
is pumped up many times before it is sufficiently concentrated to be drawn off 
into boilers, which,, complete the operation. In Mr. Bakewell’s Travels in the 
Tarentaise, is given an interesting description of a great work of this kind, at 
Montiers ; which the author says, is perhaps the best conducted of any in 
Europe, with respect to economy. Although the waters of Montiers have only 
half the strength of sea-water, yet the process of evaporation is so conducted as 
to afford a good profit ; the arrangements are necessarily very simple and inge- 
nious, and might probably be introduced with great advantage in many parts of 
our own coast. VVe have not space for the details. The graduation houses, 
described at page 669 in Dr. lire’s Chemical Dictionary, (second edition,) 
are works of a similar kind, and are there explained by engravings. 

The Maison de Cordes, invented by Battel, a Savoyard, is another very 
simple and effective contrivance, described by Mr. Bakewell, in the before-men- 
tioned work, and is, perhaps, better worthy of introduction into our columns 
than the details of the Maison cCEpines, already briefly noticed. It is forty 
yards in length, and eleven wide ; the roof is supported upon six arches of 
stone-work, the intermediate space on the sides being left open. In every one 
of these divisions are twelve hundred cords, in rows of twenty-four each, sus- 
pended from the roof, and tight at bottom. 

The cords are about sixteen feet in length. The water i.s raised to a reservoir 
at the top of the building, and distributed into a number of small transverse 
canals, each row of twenty-four cords having one of these canals over it, which 
is so pierced as to admit the water to trickle down each separate cord, drop by 
drop. The original intention of this building was to crystallize the salt itself 
upon the cords, for which purpose the water was made use of from the pans, 
after it had deposited a quantity of salt in the first boiling ; to save the expense 
of fuel on a second boiling, the residue water of the first boiling, by repeatedly 
passing over the cords, deposited all its salt in about forty- five days; and the 
cords were incrusted with a cylinder of pure salt, which was broken off by a 
particular instrument for this purpose. ’This process is at present abandoned 
for crystallizing ; but the cords are still used for evaporating, and are found to 
answer better for the higher concentration of the water than the faggots. This 
method did not answer for the first evaporation, because the water rotted the 
cords ; but it was discovered that the cords were not soon injured by it, when it 
had acquired five degrees of strength. The cords, Mr. Bakewell was informed, 
had many of them remained thirty years in use without being changed ; indeed, 
they were so thickly encased with depositions of selenite, that they were defended 
from the action of the water. This mode of evaporating is found to be more 
expeditious than that of the faggots. In the Maison de Cordes the evaporation 
goes on more speedily in windy weather than in the Maison d'Epines, as might 
be expected from the more ready access of air to the surface of the water. 

The cords are double, passing over horizontal rods of wood at the top and the 
bottom, to keep them firm in their positions, and at regular distances from each 
other. Mr. Bakewell did not see the cords without their envelope of selenite, 
but was informed that they were not thicker than the finger. With the incrus- 
tation, they were become as thick as the wrist. 

Under the head of Evaporation, we have explained the principle of the 
operation, and described a variety of very ingenious apparatus, of proved effi- 
cacy, to which the reader is now referred. In this place we shall bring under 
the consideration of the reader several recently patented improvements in 
machinery of the same kind, but of diversified forms, expressly' designed for 
the manufacture of salt on the great scale. 

The specification of Messrs. Jump and Court’s patent informs us, that the 
ordinary method of obtaining salt is by evaporating the sa'iine fluid in extensive 
shallow pans, heated by' fires and flues underneath ; that these pans are supplied 
with the water in a cold state, the repeated effiision of which materially checks 
the evaporation ; and that their improved method consists in heating and con- 
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centrating the salt water, by a simple arrangement previous to its entering the 
pans. For this purpose the reservoir of salt water is elevated above the pans, 
and the pipe wdiich supplies them with the brine first passes through all the 
furnaces beneath, which brings the liquid quickly to a boiling temperature, in 
which state it is discharged, by means of a curved pipe, into the pans above, 
thereby greatly facilitating and abridging the process of concentration. A stop- 
cock is placed in the supply-pipe, so that, as often as it is desired to replenish 
the pan, this cock is opened, and the superincumbent pressure of the water in 
the reservoir forces out the boiling brine from the pipe into the pan, the pipe 
receiving, in lieu thereof, the cold liquid from the reservoir. 

Mr Johnson, of Droitwich, according to his patent of 1827, employs steam 
of different degrees of heat to produce the evaporation in pans inclosed from the 
atmosphere, so that the vapour arising from the first pan, where the fne salt is 
produced, is employed in lieating the second, where the broad salt is for^ned ; 
and the vapour arising from the latter is employed in like manner, to produce 
in the third pan British hay-salt. 

A sketch of the steam boiler is represented in the annexed drawing, divided 
into three portions, a, b, and c ; and steam is generated in one or more of these 



divisions, according to the supply required. When the steam in a is raised to a 
pressure of twenty-five pounds on the square inch, that in b will be twelve, 
and that in c five pounds. When only one of the divisions, a, of a steam- 
boiler about seventeen feet by ten is employed, it will heat pans to the extent 
of 2400 square feet up tp 164o Fahr. ; and when the three divisions, a, b, and 
c, are used together, an extent of 4300 square feet will be heated to the same 
temperature. 

The steam is conveyed in a pipe from the boiler to a steam-vessel e, under 
the fine" salt-pan f. This pan is made steam-tight, and the steam arising 
therein is conveyed by a pipe to a similar vessel under the broad salt-pan Jc 
Over the broad salt-pan k is placed the bay salt-pan m, and the space between 
them is enclosed by thin boards, or other light material, to confine the vapour 
arising from k in order to produce the required heat in the pan m. This pan 
is made lowest in the middle, as represented in the drawing, so that water con- 
densed on its lowest surface may be collected in one place, where it is received 
and carried off in a spout, to prevent its return into the brine in the lower 
pan k. 

Tire patentee considers it of great importance to keep the bottom of the pans 
clear of salt ; and for that purpose employs rakes, which are kept constantly in 
motion by a steam engine. These rakes deposit the salt in receptacles at the 
sides of the pans. The rods by which the rakes are moved pass through stuffing 
boxes in the pans, to prevent the escape of steam. When there are many rakes 
in a row to put in motion, it is effected by a horizontal shaft from the steam 
engine, which, by means of bevel gearing, puts in motion a series of nuts, 
screwed upon the rake-rods, by which the various rakes are made alternately to 
advance and recede. ’ 

For the purpose of making the interior surface of the pans smooth, to facilitate 
the removal of th.e salt, the pieces of which it is composed are united by 
turning down the edges at right angles, and rivetting them together. The 
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steam vessels under the pans are strengthened by a number of hnk-bolts 
attached to the joinings underneath the pans by a forked end, taking in the 
bent joinings, and to the bottom of the steam vessel, by being hooked to 
staples. . . , 

Mr. Fumival, a spirited manufacturer of salt on an extensive scale, has 
taken out several patents for improvements in the mechanical arrangements o 
the process. His last patent, nhich embodies the leading characteristics ° 
previous plans, may he explained with reference to the annexed diagram, whic i 



represents a vertical section of the apparatus, with two tiers of pans, a a a a 
are four furnaces, the flues from which are extended under a considerable range 
or surface of the pans, which are of the shape represented at h c, the deep part 
c being made to receive the salt thrown over by the ebullition, and also such 
portion as may be scraped from the surface of b, by means of the instruments 
shown at d d. The deep chambers being removed from the direct a'ction of the 
lire, prevent the salt deposited therein from becoming burned; and these recep- 
tacles being at the sides, the salt is conveniently scooped out. The steam raised 
from the lower range of pans is then employed to heat an upper range e e of 
less area, supported upon suitable framing, lined interiorly, to confine the steam, 
with boards. In order that the water resulting from the condensatiorf of the 
steam against the bottoms of the upper pans, may not fall back into the lower 
pans, two inclined planes are formed, which receive the condensed water, 
and conduct it into a pipe, whence it is carried olf by a gutter vmderneath. 
In these inclined planes suitable apertures are made for the passage of the 
ascending steam from the lower to the upper boilers. 

The patentee also proposes to heat a third set of pans above the second ; for 
this purpose there is a central aperture to conduct the steam to them ; this 
aperture is covered with a cap. 

The object of Messrs. Braithwaite and Ericson, who specified a patent in 
1830, for “an improved method of manufacturing salt” is the manufacture of 
better salt with a less expenditure of fuel, which they propose to effect by 
heating the brine considerably above the boiling point, before any evaporation 
is permitted to take place. This is done by confining the brine, while heating, 
in a close boiler, and then permitting it to pass from a pipe of large dimensions, 
extending considerably above the top of the hoilerinto a shallow evaporating 
vessel, where the process goes on till it ceases, from the reduction of the 
temperature ; when the brine is conveyed to the boiler, entering at the bottom, 
and again heated ; and thus a circulation is kept up on the principle of the 
methods which we have before described, for communicating heat by the 
circulation of hot water. The lower end of the pipe which extends from the 
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top of the boiler is enlarged for the reception of a pair of vanes, fixed on a ver- 
tical axis extending through a stuffing box at the top, where a pulley is attached 
to communicate motion to the vanes, by which, according to the patentee’s 
statement, the circulaticn of the fluid is promoted. The brine is made to pass 
througli a deep vessel, with a vertical partition, before it enters the evaporator, 
and through another in its return to the boiler. The evaporator is a long vessel, 
of the form of a parallelogram ; and a vertical partition extending from the end 
next the biKler to within a small distance of the other end, causes the fluid to 
pass along one side and return by the other. As the water evaporates the salt 
is deposited on the bottom of the evaporating vessel, and is removed therefrom 
by scrapers, iu the usual manner. The principal advantage of this arrangement 
is the entire removal from the fire of the surface on which the salt is deposited ; 
and, consequently, the formation of pan-crust, or scratch-salt, is completely 
pi-evented; for, as no evaporation takes place in the boiler, no salt can be depo- 
sited there. There are a set of covers for diminishing at pleasure the evapo- 
rating surface, by which the fineness of the crystals of salt can be regulated 
with the greatest facility. This arrangement evidently contains many advan- 
tages, as far as regards the quality of the salt ; and when it is considered that 
the heat communicated to the brine can only escape by evaporation (as the 
shallow vessel is made of non-conducting materials), its economical application 
will, likewise, he found an inducement for its employment. 

The uses and importance of salt as a culinary article are pretty well under- 
stood ; hut there are some particulars relating to its combination with foreign 
substances, and its several varieties which thence arise, for which we must seek 
information of the chemist. Dr. Henry has favoured us with the result of his 
very able and elaborate investigations for determining, with accuracy, the dif- 
ferent varieties of common salt. (See the Philosophical Transactions for 1810.) 
“ In sea-salt prepared by rapid evaporation, the insoluble portion,” says Dr. 
Henry, “ is a mixture of carbonate of lime with carbonate of magnesia, and a 
fine siliceous sand ; and in the salt prepared from Cheshire brine, it is almost 
entirely carbonate of lime. The insoluble part of the less pure pieces of rock- 
salt is chiefly a marly earth, with some sulphate of lime.” 

A Table of the various substances contained in Salt, according to Dr. Henry’s 
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SATURATION. 


The kind of salt which possesses, according to Dr. Henry, most eminently 
the combined properties of hardness, compactness, and perfection of crystals, 
will be best adapted to the purpose of packing fish and other provisions, because 
it will remain permanently between the different layers, or will be very gra- 
dually dissolved by the fluids that exude from the provisions : thus furnishing a 
slow but constant supply of saturated brine. On the other hand, for the purpose 
of preparing the pickle, or of striking the meat, which is done by immersion in 
a saturated solution of salt, the smaller grained varieties answer eijpally well, 
or, on account of their greater stability, even better. 

SANDAL WOOD. A fine, hard, lemon-coloured wood, having a fragrant 
odour. It grows chiefly in India, and is valued for its medicinal virtues. Its 
chief use in the arts, is for the finer species of cabinet and inlaid work, the 
fabrication of fans, rules, and various articles of turnery, toys, &c. 

SANDARACH GUM. A resinous juice, which exudes from the trunks and 
thick branches of several kinds of juniper, in warm climates, and particularly 
on the coast of Africa, from incisions made in the bark. It has a light agree- 
able smell, and is sometimes used medicinally, but more generally in making 
varnishes. 

SANDIVER. A whitish salt, continually cast up from the metal (as it is 
called,) whereof glass is made; and, swimming on its surface, is skimmed off. 

SANDSTONE, i« Mineralogy, is essentially composed of grains or particles 
of sand, either united by a mixture with other mineral substances, or adhering 
without any visible cement. The grains of sandstones are generally quartz, 
sometimes intermixed with felspar or slate. 

SAPPHIRE. A precious stone, of which there are several varieties ; next 
to diamond, it is considered the most valuable of gems. The white and pale 
blue varieties, by exposure to heat, become snow white, and, when cut, exhibit 
so high a degree of lustre, that they are used in place of diamond. The most 
highly prized varieties are the crimson and carmine red ; these are the oriental 
ruby of the jeweller ; the next is sappMre, and last, the yellow, or oriental topaz. 
The asterias, or star stone, is a very beautiful variety, of which the colour is 
generally violet-red, and the form a rhomboid, with truncated apices, which 
exhibit an opalescent lustre. A sapphire of ten carats’ weight is considered to 
he worth fifty guineas. An oriental ruby of thirty carats, without flaws, and of a 
perfect colour, is considered almost as valuable as a diamond of the same weight. 

SARDONYX. A precious stone, consisting of a mixture of chalcedony and 
cornelian, sometimes in strata, but at other times blended together. It is found 
first striped with white and red strata, which may be cut in cameo as well as the 
onyx. Second ; white, with red dentritical figures, much resembling the mocha- 
stone, excepting that the figures in the latter are of a black colour, instead of a 
red. There is no real difference, except in the circumstance of hardness, between 
the onyx, cornelian, chalcedony, sardonyx, and agate, notwithstanding the diffe- 
rent names bestowed upon them. This stone was formerly much employed for 
the sculpture of cameos. 

SARSAPARILLA. A medicinal root, obtained from Peru; it consists of a 
great number of long strings, hanging from one head ; they are given in decoc- 
tion, as a diet drink. 

SASHES. Those parts of the frame of an ordinary window into which 
the glass is fixed. Some improvements upon these are given under the article 

W INDOW. 

SASSAFRAS. ’The wood of an American tree, of the laurel kind, imported 
in large straight blocks ; it is smd to be “ warm, aperient, and corroborant,” and 
to be often successfully employed in purifying the blood, for which purpose an 
infusion, in the way of tea, is a very pleasant drink ; its oil is fragrant, and pos- 
sesses most of the virtues of the wood. ^ 

SATIN. A kind of silken stufi) very smooth and shining. ’The woof is 
coarse, and hidden underneath the warp, which is fine,, and stands out, and on 
this depends its gloss and beauty. 

SATURATION. The act of imbibing till no more can be received. A fluid 
that holds in solution as much of any substance as it can dissolve, is said to be 
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saturated with it. But saturation with one substance does not deprive the 
fluid of its power of acting on, and dissolving some other bodies, and in many 
cases it increases this power. For example, water saturated with common 
salt will dissolve sugar ; and water saturated with carbonic acid will dissolve 
iron, though without this addition its action on this |metal is scarcely percep- 
tible. The word saturation is likewise used in another sense by chemists : 
the union of two principles produces a^body, the properties of which differ from 
those of its component parts, but resemble those of the predominating principle. 
When the principles are in such proportion that neither predominates, they 
are said to be saturated with each other; but, if otherw'ise, the more predomi- 
nant principle is said to be sub-satmated, or under-saturated, and the other 
super-saturated, or over-saturated. 

SAWS, AND SAW-MILLS. A saw is a cutting instrument, with a serrated 
edge ; a saw-mill, a machine or building, wherein several or many of these 
instruments are actuated by horse, wind, steam, water, or other power not 
derived from human agency. In the earliest ages, the trunks of trees were 
split with wedges into as many and as thin pieces as possible ; and if it was 
necessary to have them still thinner, they were hewn or shaved by sharp instru- 
ments, until reduced to the required dimensions. This simple yet wasteful 
method of making boards has been continued in some places up to the present 
time. Timber is divided by riving more expeditiously than by sawing ; and 
the boards are much stronger, as the grain of the wood is preserved, instead of 
being cut through by the saw, which lessens its cohesion or strength. For this 
reason, an oak rafter or beam, that has been sawn, is not generally so strong as 
one of deal, owing to the straightness and uniformity of the fibres of the latter 
being preserved whole, instead of being cut through, as in the irregular grained 
oak. The staves of casks are mostly made of split timber, as they can be bent 
without injury, and are not easily broken by percussion. 

The invention of saws is of very great antiquity ; the Greeks placed the 
inventor in their mythology, among those whom they honoured as the greatest 
benefactors of mankind. The invention, it is said, originated in the circum- 
stance of a jaw-bone of a snake having been employed as an experiment to cut 
through a small piece of wood, which succeeded so well that the operator deter- 
mined to make one' of iron. By a painting, which is preserved among the ruins 
of Herculaneum, it is evident that the saws of the Grecian carpenters had the 
same form, and were made in the like ingenious manner, as ours are at present. 
Two genii are there represented as at work with a saw, which has a perfect 
resemblance to our frame saw. In the bench on which the wood is laid there 
are a nunjher of holes, into which the cramps that hold the timber are struck, 
which are likewise of a similar form to our own, being like the figure 7. 

Saw-mills are likewise of greater antiquity than is generally supposed. So 
early as the fourth century a saw-mill was erected on the small river Roeur, in 
Germany; it is probable, however, that this was hut a rude contrivance, as we 
find writers of more modem times speaking of saw-mills as new and uncommon. 
The old construction of them had, therefore, very likely, been lost, or the im- 
provement was so great as to cause the more modern to be looked upon as new 
inventions. 

It cannot, however, be doubted that saw-mills have been in use more than 
four hundred years. Upon the discovery of Madeira, in 1420, mills wye 
erected there for sawing into planks the various excellent timber with which the 
island abounded. The cit)' of Breslaw had a saw-mill in 1427, which produced 
a yearly rent of three marks. Erfurt had a saw-mill in 1490. In Norway the 
first saw-mill wps built in 1530. Soon after, the first saw-mill was built in 
Holstein, another at Joachinstall. In the year 1555 the bishop of Ely, 
ambassador from Queen Mary to the court of Rome, having seen a saw- 
mill at Lyons, it was .thought worthy of a particular description. It was 
not, however, until the sixteenth century that saw-mills received the great 
Improvement of having several different saw-blades, by which a piece of timber 
was cut into many planks at the same time. At Saardain, in Holland, were 
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erected a vast number of saw-mills, and it has still a great many, notwithstanding 
more than a hundred have been given up of late years. The largest saw-mill 
that has perhaps ever been constructed is in Sweden, where a water-wheel, 12 
feet in breadth, drives no less than 72 saws at the same time. 

It was not until the seventeenth century that saw-mills were introduced into 
England, attended with the most violent opposition from the sawyers, who 
apprehended they would be the means of depriving them of their subsistence. 
Some that were undertaken were abandoned at the outset, and others were 
destroyed by the populace. 

The saw-mills of the present day are of two distinct kinds ; the circular, those 
that cut by a continuous rotatory motion, and the reciprocaiing, which operate 
as the common pit or frame-saw. The circular saw-mills are for the most part 
ttsed for cutting up timber of small dimensions ; and the reciprocating for large 
timber, in forming beams, rafters, planks, &e. out of large timber. The most 
important machinery of the kind w'as erected by Mr. Brunei, at Portsmouth, to 
whom the mechanical world is indebted for many important inventions and 
improvements. 

Having thus briefly sketched the history of this important though simple 
invention, we shall proceed to the description of its variously modified forms, 
and the processes employed at Sheffield in their manufacture ; to which we shall 
add an account of the general arrangement of saw-mills, and a more detailed 
explanation of some improvements, by which its utility has been extended. 

Saws are made of a great variety of forms and sizes, to adapt them to the 
materials on which they ate designed to operate. The most common are those 
used by carpenters, who require in ordinary no less than ten different saws ; 
namely, a cross-cut saw, for dividing a tree or log transversely, by means of two 
workmen, one on each side, who alternately pull the saw towards them, the teeth 
being made to cut equally in each direction ; a pit-saw, for sawing the logs up 
into planks or scantlings, the operation being performed in a pit by a vertical 
motion of the saw, and usually by a class of workmen called sawyers'; a large 
frame-saw, which is a saw-jilate five, si.x, or seven feet long, stretched in a frame, 
and used to cut timber longitudinally with greater nicety than the pit-saw ; a 
ripping-saw, which is a hand-saw, with a blade twenty-eight or thirty inches long, 
and having large teeth for ripping, or cutting out stuff coarsely and quickly ; a 
handsaw (peculiarly so denominated), usually provided with a twenty-six inch 
blade, and angular teeth, five to the inch ; a panel-saw is the same as the 
hand-saw, but with finer teeth, (seven or eight to the inch,) for cutting stuff very 
clean, and for the more delicate or exact species of work. Saws with very fine 
teeth, and very thin blades, stiffened with stout pieces of iron or brass, rivetted 
to the back edge, are also used, of several kinds, which are distinguished by the 
several terms, dovetail, sash, carcase, and tenon, indicative of their uses, and also 
of their sizes, which vary from six to twenty inches in length ; several very 
narrow saws, indifferently called lock, compass, key-hole, and turning saws, for 
cutting out small pieces, and rounding work : small frame-saws, si.x or eight 
inches long, are sometimes required by the carpenter for cutting both wood and 
iron ; the teeth of the latter being smaller and more obtuse than the former. 
There are many saws used by other mechanics which differ from the carpenters, 
the details of which would be uninteresting ; we shall therefore proceed to take 
a brief notice of the process of manufacturing saws, as practised at Sheffield, 
from whence three-fourths of the inhabitants of the globe are supplied. 

The very commonest kind of saws are made of iron plates, hammer hardened, 
and planished upon an anvil, to give them some degree of stiffness and elasticity. 
Such instruments are, of course, spurned by the workmen ; nevertheless, as 
their cost is but trifling, they are purchased in great quantities by those who 
consider any saw to be better than no saw at all. 

The more useful saws which workmen employ are made, nominally, of either 
shear or cast steel ; but the quality of these materials may differ, as well as the 
saws made of them, in every possible degree. The common test of a good saw, 
that of bending it into a bow, and letting it spring again into a straight 
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line, is considered by some persons as a fallacious and unnecessary test, and that 
it sometimes spoils a saw, possessing in other respects all the properties of a 
valuable tool. A dispute has been raised on this point, and ably advocated on 
both sides. For our own parts, we would simply observe, that such process of 
springing infallibly proves two of the essential properties of a good saw, namely, 
uniformity of thickness in the blade, and perfect elasticity ; properties indispen- 
sably necessary to the unskilful, who have not acquired the tact of holding the 
saw lightly and moving it constantly in the same plane ; and who, in consequence, 
frequently bend the saw, which is thus infallibly spoiled ; it does not spring back 
to its previous straightness. 

Experience has shown that cast steel is the best material for making saws, as 
well as most other tools, on account of the greater uniformity of its structure, 
which is not lost by the subsequent operations of rendering it malleable and 
elastic. To prepare this material, the liquid metal is poured into a cast-iron 
mould, out of which the casting, when cooled, is taken, in the form of a small 
slab, about inch thick. This slab is next laminated between rollers until it 
is extended to the required dimensions. If intended for the larger kind of saws, 
as mill or pit-saws, the whole piece may be required, in which case it is clipped 
by shears to the required shape ; but if for smaller articles, it is cut up into 
suitable pieces ; the edges are next perfected by filing, and holding the flat 
side of the plates against large grindstones, which process prepares them for the 
cutting of the teeth. This operation is usually performed by a die-cutter in a 
fly-press, the motion of the saw-plate being duly regulated, so that the teeth 
shall be uniform ; the large teeth being cut one at a time ; and the smaller, two. 
three, or more at a time, according to circumstances. The wire edges left on the teeth 
of the plates by the cutting-out press, are next removed by filing. The operations 
of hardening and tempering succeed, which require considerable care and 
attention on the part of the operator. A variety of fatty compositions have been 
recommended for this purpose, as possessing peculiar efficacy in hardening, 
amongst which we may instance that recommended by Mr. Gill, who appeai-s to 
have had considerable experience in matters of the kind, and to be somewhat 
acquainted with chemical science ; we should, otherwise, have taken an exception 
to the variety of similar ingredients in his caldron. He desires us to melt 
together 31bs of black rosin and lib of pitch, and to these (when melted) one 
gallon of neatsfoot oil, 201bs of beef suet, rendered, and twenty gallons of 
neatsfoot oil. All these are to be heated together in an iron vessel until the 
aqueous vapour is driven off, and the composition will take fire by the applica- 
tion of flame to the surface, which is then to be extinguished by placing on the 
cover of the vessel. The saw-plates being now heated in a reverberating or other 
suitable" furnj^e to a cherry red, are precipitated edgewise into the liquid 
mixture just mentioned, contained in a vessel of a proper figure for that purpose, 
and when sufficiently cooled therein to be handled, they are taken out and are 
found to be extremely hard and brittle. The unctuous niatter which adheres to 
the plates being next partially removed, they are taken up successively by a pair 
of tongs, and passed backwards and forwards over a clear charcoal fire, so as to 
cause the unctuous matter to inflame, or “ blaze off,” as it is termed, which 
reduces the saws to the desii-ed temper ; and whilst the saw-plates remain hot, 
any warping they may have acquired in the process, is removed by smart blows 
from a hammer, over an anvU strewed with sand, to prevent the article from 
slipping about. 

The next operation is planishing by hammers, which renders them more 
even and equally elastic : and the dexterity and care with which this operation 
(so difficult and tedious to ordinary smiths) is performed, is a remarkable 
instance of what human art is capable of by long practice. 

The saws are now ready for the grinder, who applies to the circular face of 
a large grindstone jpy an interposing board, against w'hich he presses with all 
his force, so as to grind it as evenly as possible. Standing on tip-toes, he 
stretches himself over a large grindstone, which is revolving with great rapidity ; 
his hands, arms, breast, and knees, being all brought into operation to produce 
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tlie effect, while he becomes covered with ochrous sludge, formed by the attri- 
tion against the stone ; an operation apparently so dangerous and disagreeable, 
as to give pain to the spectator, and make him wish to see a machine supply- 
ing the place of the operator. 

The grinding of the saw -plates materially impairs their previous flatness and 
elasticity ; they are, therefore, submitted to a second hammering by the 
planishers, and are afterwards heated over a coke fire until they attain a faint 
straw colour, which restores to them their elasticity. The surfaces are next 
lightly passed over a grindstone, to remove the appearances of the hammer, 
and next over a fine hard stone, to remove the scratches of the last, and give it 
the kind of polish required in the market, for which the saws are intended. 
For which purpose the glazing wheel of buff leather and emery’, or the “ hard 
head,” which is a wheel of hard wood, worked bare, are also used, as occasion 
may require. To correct any defects that the saws may’ have acquired during 
the processes described, they are next “ blocked,” that is, struck upon a post of 
hard wood, by means of a small polished hammer, by which the truth of the 
work is presumed to be perfected. 

The saws are next “ cleaned off” by women, by means of fine emery rubbed 
over them lengthways by a piece of cork-wood, which gives them an agreeable, 
even, white tint, and a very level appearance. They are next banded to the 
setter, who places each alternate tooth over the edge of a little anvil, in an 
angular direction, and strikes them so as to bend each uniformly into the 
required deviation from the plane of the saw ; then turning over the saw, the 
setter strikes, in like manner, the alternate teeth, which he left untouched on 
the other side ; in this manner each successive tooth is placed in opposite 
directions, at the desired set, to allow the blade of the saw to pass through the 
wood without resistance, while its breadth acts as a guide, and serves to give 
stability and effect to the operation of sawing. The teeth of the saw are again 
touched up with a file to finish their sharpening ; for which purpose they are 
fixed between two plates of lead contained in the chaps of a vice ; after which 
their handles are fixed by nuts and screws, cleaned ofi^ oiled, and packed in 
brown paper for sale. 

The form or mode of construction of the saws we have described, has been 
generally found so efficient and useful, as to have needed no material improve- 
ments; we shall, therefore, simply notice, in a brief manner, two or three 
matters of a subordinate character, connected with the subject, which may prove 
of service to the workman. 

A frame-saw, it is well known can be made 
thinner than a common pit-saw ; and as it 
works in a smaller kerf, it would effect a 
considerable saving of timber if it could 
be employed in lieu of the pit-saw, in 
cutting logs up into thin hoards. To effect 
this object, an ingenious shipwright of 
Rotherhithe contrived the arrangement re- 
presented in the subjoined cut. a is the 
lower end of a frame-saw ; h a section of 
the lower bar of the frame ; c the hold- 
fast; dd the two pins ; e the lever; f a 
double arch, pierced with holes, the lever 
working between the two parts of the arch ; 
the saw can be held to any degree of tight- 
ness by a small peg, fastened by a chain 
to the end of the lever. To shift this saw, 
press the lever, take out the peg, lift up 
the lever, take out the two pins d d, and 
the saw being lifted, and swung back, can 
be put in the next cut, and again fastened. 

In operating with a common frame-saw. 
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it would be necessary, at every successive cut, to shift all the transoms behind 
the saw to the end of the piece, or it would be necessary to take the saw out of 
the frame, when a difficulty would arise of fixing it again tightly. Both 
these objections are obviated by the plan we have described ; and by which, 
long deals, planks, and boards, may be cut with an important saviug of 
material. 

An expanding wedge for the use of 
sawyers, represented in the subjoined 
sketch, was invented by Mr. T. Griffiths, 
of the Royal Institution, and was deemed 
worthy of an honorary medal from the 
Society of Arts, a is the handle or cen- 
tre-piece, to which is connected two springs 
c c, joined together at b ; the handle also 
carries a cross piece d. This instrument is 
intended to save the time and trouble of 
shifting the common wedges, while sawing 
up balks of fir into deals. When the saw 
has cut two or three feet, the loose ends of the springs c c are to be brought by 
hand as near to the centre piece a as their elasticity will admit; the end b is 
then to be introduced into the cut, and the wedge is to be thrust up to the 
end of the spring, the cross piece d resting on the upper surface of the balk. 
The elasticity of the springs will then be continually opening the cut as the 
saw proceeds, to the length of about twelve feet ; and the wedge, when at its 
utmost expansion, will be prevented, by the cross piece, from falling into 
the pit. 

In the ordinary saw-mill, the saws are stretched in a wooden frame, which 
slides up and down within another frame, in a similar manner to a window 
sash ; the motion is given to it by a crank, attached to a fly-wheel upon the main 
axis, made to revolve by a water-wheel, or other power, and connected by gear 
that will give four or five revolutions of the crank to one of the water wheel. 
The timber is fastened upon a carriage, which is a horixontal frame, sliding or 
rolling between guides on the floor of the mill, and of such dimensions as to 
pass between the vertical frame, proceeding by a regulated motion, and con- 
stantly presenting the timber to the action of the saws. The saws are so fitted 
in the frame that they can be removed in a few minutes, and replaced by another 
set of sharpened saws. 

Considerable improvements have been made upon saw-mills by Mr. Brunei, 
Mr. Maudslay, and many other engineers, who have, of late years, been 
engaged in their construction. The introduction of circular saws, which act by 
a continual rotary motion, formed an important era in sawing machinery, from 
the great facility, precision, and rapidity of its operation. A saw-mill of this 
kind has been employed for many years at the manufactory of the ingenious 
Mr. George Smart, near Westminster Bridge. In this, motion is imparted to a 
horizontal shaft, on which is a spur wheel that turns a pinion on another hori- 
zontal shaft ; on this second shaft, the bearings of the gudgeons of which are 
supported on the joists of the floor above, is a band-wheel, which communicates 
motion, by an endless strap, to a pulley fixed on the spindle of the circular saw, 
and causes the latter to revolve with great rapidity. The ends of the spindle 
are conically pointed, and the end nearest to the saw turns in a cavity made in 
the end of a screw, whose nut is fixed and has a firm bearing in a stout bench ; 
the other end turns in a similar screw, passed through a cross beam, mortised 
between two vertical beams, extending from the floor to the ceiling ; one of the 
beams can be raised or lowered in its mortises by wedges put both above and below 
its tenons. In order to adjust the plane of the saw to the plane of the bench, 
there is a long parallel ruler, which can be set at any distance from the saw, and 
fixed by means of scre*vs going through circular grooves cut through the bench. 
In using the machine, the ruler is to be set the proper distance from the saw, 
according to the piece of wood to be cut; and as the saw turns round, a work- 
man slides the end of a piece of wood to it, keeping its edge against the guide 
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or ruler, that it may cut straight. The operation is, of course, very expedi- 
tious and accurate. Lathes are now frequently fitted up with circular saws. 

Some improvements in mechanism of the latter kind were patented by 
Messrs. Sayner and Greennood, in 1824, which we shall here describe. The 
first improvement mentioned in the specification relates to the adaptation of 
two circular saws operating together, instead of one, to cut through a piece of 
timber. By the usual process, it requires a circular saw of five feet in diameter, 
to cut through a log of two feet in diameter, in consequence of the obstruction 
of the axis and supporting shoidders ; but by the application of two saws of 
little more than half the diameter of the single large saw, one above the log, 
and the other under, each making an incision rather more than half-way 
through, the division is effected with a considerable saving of power, and of 
the cost of saws. The annexed diagram is designed to explain the mechanical 



arrangement, a a is the bed of the saw-mill ; b b the log of timber under 
operation ; c c the two circular saws, the depths of their respective cuts being 
expressed by two right lines forming tangents to their peripheries ; these saws 
have pulleys upon their axes, and are driven by endless bands embracing them 
and the drum-wheel d, to which motion is given by a water-wheel, or other 
adequate mechanical agency. The timber rests and moves upon horizontal 
rollers e e, and is accurately guided to the saws by vertical rollers, not intro- 
duced into the figure, as they are common to other saw-mills. The axes of the 
saws run in fixed bearings, and the timber is forced against them by the revo- 
lution of the propelling roller g, put in motion by another band from the drum- 
wheel d, the axis of the roller being confined by an upright frame g h ; in the 
upper part of which frame turns the pressing roller h, which being connected 
to the vertical bar i, is pressed upon by the weighted lever k ; the roller g there- 
fore gives the motion, and the roller h a steady firmness to the advancing posi- 
tion of the log. 

If the timber is to be cut into planks, a number of circular saws are placed 
together on the axes of e c, with flanges between them of the thickness of the 
required planks, and then bolted together; by these means the whole log is 
at one operation formed into boards; and if it be required to cut the logs into 
scantlings or laths, a series ot horizontal saws /, placed in like manner upon a 
vertical axis m, and driven by a pulley n, cuts the whole at once into those 
small divisions. This mode of applying the saws to work in a horizontal plane, 
so as to operate simultaneously with those acting in a vertical direction, forms 
the second impovement claimed under the ptent rit. * 

A third improvement claimed, is for uniting the plates of a series of circular 
saws closely together, so as to make one compact body,of saws, without any 
interstices between them, for the purpose of reducing dye-woods entirely to 
saw-dust or powder, instead of the usual method of chipping or rasping them 
for dyeing or other purposes. 
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A few years ago (about a. d. 1821) Mr. Robert Eastman, of Brunswick 
Maine, U. S,, invented some improvements in the construction of circular saws, 
and in the mode of sawing “ lumber” (timber), wliidi obtained extensive adop- 
tion in America ; and as they appear to us extremely interesting, and that their 
adoption in this country would 
tend to beneficial results, we'shall 
here annex the description, and 
the intelligent inventor's remarks 
upon the subject. Instead of a 
continued series of teeth all round 
the periphery of the plate like 
other circular saws,Mr.Eastman’s 
has only eight, or rather it may 
be said to have only four cutting 
instruments, each containing two 
teeth, which are placed at equal 
distances on the circumference, 
and projecting from it; these 
instruments are called “ section 
teeth.” The saving of labour in 
consequence of this form of saw, 
is^calculated at full three-fourths ; 
and the surface of the timber is 
much smoother than when cut 
by the fuU-teethed saw. On the 
saw-plate are also fixed instru- 
ments called “ sappers,” which, 
being placed nearer to the centre, 
do not enter the wood so deeply 
as the saw, and are adjusted so 
as merely to cut off the extra- 
neous sap part, rendering the 
edges of the planks uniformly 
straight, and all the cuts of equal 
dimensions. To understand 
which, it is, perhaps, necessary 
here to explain to the reader that 
the logs are, by this machinery, 
cut up lengthwise, tioi through the 
log, but from the circumference, 
or exterior, to the centre, as the 
radii of a circle, it having been 
ascertained that planks, staves of 
casks, &c., cut out in this man- 
ner, possess much more dura- 
bility, strength, and elasticity, 
than by the common method. 

Fig. 1 represents a side view of 
the machine, with a log in it 
ready for working. Fig. 2 is an 
end view of the same, exhibiting 
the log partly' cut into sections. 

Fig. 3 is the saw, with its section 
teeth L L L L,’ and its sappers 
AI M. Fig. 4 shows the shape 
of the sapper, with a groove, or 

slit, to admit of its being set according to the intended width of the plank. 

A, Fig. 1, is a strong frame of timber, about twenty-four feet long, by five 
broad, the ends of which are seen at A A, F/g. 2. B, Fig. 1, is the°can-iage, 
about twelve feet long, and four bioad, the ends of which are seen atBB* 
VOL. II. 4 L ’ 
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Fia. 2 ; it travels upon iron truck wheels, grooved on their circumferences, and 
run upon iron slides, as shown at K K, Fig. 2. C. Figs. 1 and 2, gives two 
views of the log under operation. i ■ u -f 

The log is fixed into the carriage, hy means of iron centres, upon wlucn it 
also revolves, after each succeeding cut. At D D, Figs. 1 & 2, is seen part o 
the saw'. At E E, Figs. 1 & 2, are situated the feed pulley, and shifting gear. 

1’, regulating pulleys. G is an index for regulating the dimensions of the cuts. 

H, re°volving levers and pins. 1, the pin and fulcrum of the levers. J J, the 
stirrup screws and pins. _ • • l 

Nearly in the middle of the frame, is fixed the main shaft, of cast iron, wliicli 
runs upon friction rollers, supported hy stands on the floor. On this shaft is 
the saw, with its sappers and section-teeth. The motion is given hy a 
passing round the main pulley, and round a drum that runs under it ; 
may be driven by horse, steam, or water power. The method by which the 
saw is fed with the wood to be cut, and the return of the carriage for the suc- 
ceeding cut, is too similar to our own to need a particular description. Its 
various arrangements are ingeniously contrived, and it may be justly termed a 
self-acting machine, for when once set in motion, no other aid than the power 
which drives it, is requisite to its cutting a whole series of boards, of uniform 
dimensions, all round the log, having their thin-edged sides attached to the 
centre-piece. These boards being removed, a second series of boards may be 
cut in like manner to the former, provided the log is big enough. 

“ This machine,” Mr. Eastman says, “ furnishes a new method of manufac- 
turing lumber for various useful purposes. Though the circular saw had pre- 
viously been in operation in this country, and in Europe, for cutting small stuff, 
it had not, with the knowledge of the writer, been successfully applied to solids 
of great depth ; to efiect which, the use of section-teeth are almost indispensable. 

“ In my first attempts to employ the circular saw, for the purpose of manu- 
facturing clap boards, I used one nearly full of teeth, for cutting five or six 
in depth, into fine logs. The operation required a degree of power almost im- 
possible to be obtained with the use of a band ; the heat caused the plate to 
expand, and the saw to warp, or as it is termed, ‘ get out of true.’ To obviate 
these difficulties, I had recourse to the use of section-teeth, and the iniprovement 
completely succeeded. The power required to perform a given quantity ot 
work by the former method, was by this diminished at least three quarters. 

The work, formerly performed by seventy or eighty teeth, was, by the last 
method, performed by eight teeth ; the saw-dust, which before had been reduced 
to the fineness of meal, was coarser, but the surface of the lumber, much 
smoother than when cut with the full-teethed saw. The teeth are made in the 
form of a hawk’s bill, and cut the log up, or from the circumference to the centre. 

The saw may be carried by an eight-inch band, and when driven a proper speed 
(which is from ten to twelve hundred times per minute) will ^cut nine or ten ^ 
inches in depth into the hardest white oak timber with the greatest ease. The 
sappers, at the same time, cut off from one to two inches of the sap, and 
straighten the thick edges of the lumber. 

“ The facility with which this saw will cut into such hard materials, may be 
supposed to result from the well established principle, that where two substances 
in motion, come in contact, their respective action on each other is in direct 
proportion to their respective velocities; thus, a circular plate of iron put into a 
quick rotary motion, will, with great ease, penetrate haidened steel, or cut 
tnrougli a file when applied to its circumference ; and the same principle is 
applicable to a saw for cutting wood. The requisite degree of velocity is 
obtained by the continuous motion of the circular saw, by which also it has 
greatly the advantage of one that has but a slow motion, on aciount of dulling ; 
as the teeth are but little affected, and being only eight in number, but a few 
moments' labour is requited to sharpen them. If the velocity of the saw were 
slackened to a speed of but forty or fifty per minute, it would require at least 
four such bands to carry it through a log as above described. 

One machine will cut from eighteen to twenty hundred of square feet of pine 
timber per day, and two of them may be driven by a common tub-wheel, seven 
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or eight feet in diameter, having six or seven feet head of water, with a cog- 
wheel and trundle-head, so highly geared, as to give a quick motion to the 
drums, which should be about four feet in diameter. The machine is so con- 
structed, as to manufacture lumber from four to ten feet in length, and from 
two to ten inches in width, and of any thickness. It has been introduced into 
most of the New England states, and has given perfect satisfaction. The supe- 
riority of the lumber has, for three years past, been sutficiently proved in this 
town, (Brunswick Maine,) where there have been annually erected from fifteen 
to twenty wooden buildings, and for covering the rvalls of which this kind has 
been almost universally used. The principal cause of its superiority to mill- 
sawed lumber, is in the manner in which it is manufactured, viz. in being cut 
towards the centre of the log, like the radii of a circle ; this leaves the lumber 
feather-edged in the exact shape in which it should be, to set close on a build- 
ing, and is the only way of the grain in which weather-boards of any kind can 
be manufactured to withstand the influence of the weather, without shrinking, 
swelling, or warping off the building. Staves, and heading also, must be rived the 
same way of the grain, in order to pass inspection. The mill-sawed lumber, 
which, I believe, is now universally used in the middle and southern states, 
and in the West Indies, for covering the walls of wooden buildings, is partly 
cut in a wrong direction of the grain, which is the cause of its cracking and 
warping off, and of the early decay of the buildings, by the admission of mois- 
ture. That such is the operation, may be inferred, by examining a stick of 
timber, which has been exposed to the weather ; the cracks caused by its 
shrinking all tend- towards the heart or centre, which proves that the shrinking 
is directly the other way of the grain. It follows, that lutnfaer, cut through or 
across the cracks, would not stand the weather in a sotmd state, in any degree 
to be compared with that which is cut in the same direction with them. I have 
no hesitation in stating that one-half the quantity of lumber manufactured in 
this way, will cover, and keep tight and sound, the same number of buildings 
for an hundred years, that is now used and consumed in fifty years. Add to 
this, the reduction of expense in transportation, and of labour in putting it on, 
and I think every one must be convinced that the lumber manufactured in this 
improved way is entitled to the preference. 

“ In manufacturing staves atid heading, a great saving is made in the timber, 
particularly as to heading, of which at least double the quantity may be obtained 
by this mode of sawing to what can be procured in the old method of riving 
it ; nor is the straight-grained or good rift indispensable for the saw, as it is for 
the purpose of being rived. The heading, when sawed, is in the form it should 
be, before it is rounded and dowelled together, all the dressing required being 
merely to snioothe off the outsides with a plane. Timber for staves ought to be 
straight, in order to truss, but may be manufactured so exact in size, as to 
require but little labour to fit them for setting up. BulIi ai tides are much 
lighter for transportation, being nearly divested of superfluous timber, and may 
be cut to any thickness required, for either pipes, hogsheads, or flour barrels.” 

Mr. Alexander Craig, of St. Bernard's, in the county of Mid-Lothian, ob- 
tained a patent, in 1831, for “certain improvements in machines or machinery 
for cutting timber into veneers or other useful forms.” In one of these 
improvements, Mr. Craig employs a circular saw, which he makes to traverse 
the whole length of the veneer to be cut, while it revolves on its axis in the 
usual way. It is made to traverse by means of a crank, having a radius equal 
to half the length of the intended veneer, and a connecting-rod, of length suf- 
ficient to pi event too much obliquity of action. A uniform teirsion is preserved 
on the band which communicates motion to the saw while it approaches to, and 
recedes from, the source of motion, by carrying the band round a pulley 
stationed at a small distance beyond the greatest distance of the saw from its 
driving drum. Though we have mentioned but one saw, there are a series of 
them attached to the same frame, and put in motion by the same band, wh.cii 
is pressed down by' an adjusting pulley' between each pair of saws, that it may 
turn them with more certainty, hy embracing a larger portion of the ciicum- 
ference of the riggers fixed on their axes. The log of wood from which the 
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veneer is to be cut is suspended between centres, similar to those of a turning- 
latfie, and made to rotate in contact with the saws, so that it may be cut into 
one continuous spiral veneer. It is evident, that to produce an uniform motion 
m a pai of the log in contact with the saws, is necessary to its perfect 
ac ion , an this the patentee has effected in a very ingenious manner; he 
pu s in o s ow motion, by a species of gearing known by the name of the endless 

extremity a metallic cylinder, with a surface 
o g e in a manner similar to the surface of a rasp ; and this cylinder, being 
presse against the circumference of the log, will cause it to revolve at the 
ame speed, whatever be its diameter. The specification is concluded by a 
description of an arrangement by which the saws are made to cut beyond their 
cen res, m a stationary log. Tliis is effected by attaching them on axes which 
<, 3 , beyond the surfaces next the log. To the frame carrying these 
escending, as well as an alternating motion is given ; and the veneer 
•), f gmile-plate, made to fold back under the saws, it is clear that they 
See tTi anicIe”vENEER^"^ required depth, without reference to their diameters. 

7 Stone, as our readers cannot fail to have noticed, is an ex- 

tiemely slow operation, and no improvement of importance has been effected 
I centuries ; the ancient mode of causing a plate of iron 

sawvtr '‘“'procate horizontally by the two liLds of the 

stoni tlip generally practised. In dividing very soft 

rude tPPrt acts with efficacy upon the stone, by means of its small 

rude teeth, or notches, which the sawyer makes in its edge by striking it with 

LrnvTe* !,°f h the chief utility of these notches is to collect and apply the 
particles of sharp sand that are earned by a small current of water down into 

cnftw'-‘°"’ effect of 

we%hf fhe saw 

Tullock, for “improved 

is still a*dLred*fo''^*"h however, the same principle of cutting 

itidicious for the o r general arrangements of his stone-sawing-mill are 
an mustradvfcut.^^ of pou-er; we therefore annex a description, with 

number of f ‘o be under the operation of a 

r a’ The ends of this 

rame are formed on the under side into inclined planes, which run upon two 
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anti-friction rollers at cc; so that when motion is given to the saws, each end 
of the frame will be alternately lifted up, and allow the sand and water (supplied 
by a small cistern represented) to descend into the fissure. The anti-friction 
rollers are attached to two slides, placed in grooves, in the two upright posts d d, 
and are suspended hy two chairs e e, wound round the barrels f f, on the 
shaft g : this shaft turns in the bearings shown, and carries a third barrel k 
and a large pulley h ; to the latter is suspended a weight which partly counter- 
balances the weight of the saws and frame ; and a chain, passing round the 
barrel is attached at the other end to a sliding piece, on a vibrating beam 1. 
The gear represented on the right hand of the engraving is for giving motion 
to the saw-frame. The power of a first mover being applied to the toothed- 
wheel m, it actuates the two smaller wheels n n, to the shafts of which are fixed 
cranks, which as they revolve give motion, by means of the connecting-rods o o, 
to the vibrating beam /, and the latter gives the alternating motion to the saw- 
frame h. The several pulleys to which the frame is suspended admit of its 
regular descent, and with an uniform pressure. The weight of the saws should 
of course always predominate over the counterbalance, that they may act 
effectively upon the stone. 

It appears from the specification, that the patentee applies this mechanism in 
the forming of grooves, mouldings, cornices, pilasters, &o. of marble and other 
stone, by means of properly-indented instruments, which are to traverse the 
face of the stone, suspended in a suitable frame. By suspending the saws or 
tools in the manner described, it is considered that a great advantage is gained, 
as they may thereby be kept in a perfectly hoidzontal line, so that the face of 
the stone may be acted upon uniformly in all its parts, and the hardest parts be 
reduced equally with the softest. 

SCAFFOLD. A temporary erection of poles and boards, for the convenience 
of building, or for the temporary formation of a stage, drc. 

SCAGLIOGLIA. A composition or cement, employed to coat buildings, 
form columns, statues, ornaments, &o. in imitation of stone, marble, &c. 

SCALE. A mathematical instrument, consisting of various lines drawn on 
wood, ivory, brass, &c., and variously divided, according to the purposes it is 
intended to serve; tvhence it acquires various denominations, as the plain scale, 
diagonal scale, plotting scale, Gunter’s scale, &c. Scales of equal parts, marked 
upon plans, drawings, &c., are explanatory of the real dimensions of the objects 
delineated, instead of their pctual dimensions on the paper. 

SCALES. A term commonly applied to the ordinary balance or weighing 
machine, which see. The term scales, however, is often applied to the boards 
or dishes only, in which the goods and the weights are placed. 

SCA-LES OF FISH consist of alternate layers of membrane and phosphate 
of lime ; they are employed in the arts in the fabrication of artificial pearls. 
See Pearls. 

SCAMIV^ONY. A concrete vegetable juice, obtained by cutting the roots of 
a plant that grows in Syria, and employed in medicine ; it is chiefly obtained 
from Smyrna and Aleppo ; the latter is considered the best. By the analysis 
of Vogel and Bouillon Lagrange, the constituents of the two varieties are as 
follow : — 



Aleppo. 

Smyrna. 

Resin 

. 60 

29 

Gum 

. 3 

8 

Extractive 

2 

5 

Vegetable matter and earth 

3o 

.58 


100 

100 


SCANTLING, 'fhe dimensions of any piece of timber with respect to its 
breadth and thickness. 

SC.kPEMENT. See Horology. 

SCHOONER. A small vessel with two masts, whose main-sail and fore- 
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sail are suspended from gaffs, reacliing from the masts towards the stern, and 
stretched out beneath by booms, whose foremost ends are hooked to an iron, 
clasping the mast so as to turn thereon, as upon an axis, when the after ends 
are swung from one side of the vessel to the other. 

SCIATHERICUM. The Latin name given in some books to a horizontal 
dial, with a telescope adapted for observing the true time, both by day and 
by night, to regulate and adjust pendulum clocks, watches, and other time-keeps. 

SCIENCE. A clear knowledge of any thing founded on demonstration, or 
self-evident principles. 

SCIOPTIC BALL. A sphere or globe of wood, with a circular hole or 
perforation in which a lens is placed. It is so contrived that, like the eye of an 
animal, it may be turned round every way', and is used for making optical 
experiments in darkened rooms. 

SCRAPER. A simple instrument to perform the operation of scraping ; 
but they are made of various forms, to adapt them to different objects; thus, 
the ships’ scraper is a triangular blade of steel, the centre of which is fixed to 
a handle at right angles to its plane, and is used by seamen and shipwrights to 
scrape the decks, sides, and masts of ships, when they require cleansing, or 
fresh tarring, &c. The mezzotinto scraper is simply a blade of steel, one end 
of which is brought to a tapering edge and point, &c. &c. 

SCREW. The screw is one of the most powerful and useful of the simple 
machines or mechanic powers. It is a modification of the inclined plane, as 
will easily appear to any one who reflects a little on its construction. If a 
triangular piece of paper be rolled round a cylinder it will form a spiral 
inclined line round it, which will be not an inapt representation of the nature 
of the screw. The screw with its projecting thread moves within a concave 
spiral groove cut in the interior of a hollow cylinder, which is termed the 
female screw or nut. The screw is 
generally turned by means of a 
lever, as represented in the annexed 
cut at a i ; and the power obtained 
by the instrument is calculated by 
dividing the circumference of the 
circle described by a b by the dis- 
tance between two successive threads 
of the screw. Thus, if the lever a b 
be thirty inches long, and the dis- 
tance between ^two threads of the 
screw be half an inch, the circum- 
ference described will be 94 inches ; 
which, divided by half an inch, gives 188 as the increase of power obtained by 
this machine. In this case, a man who could exert a force of lOOlbs. would be 
enabled to produce a pressure equal to that of 18,800 lbs. From these 
remarks it will be seen that there are two ways of increasing the power of this 
macliine ; viz. by lengthening the lever a b, or by diminishing the distance 
between the threads. The former would be limited by the unwieldiness 
thereby given to the machine ; and the latter, by the circumstance that the 
threads become weaker in proportion as they are diminished, and hence a slight 
resistance would tear them from the cylinder. These inconveniences are 
obviated in a contrivance of Mr. Hunter’s, in wliich the required strength and 
compactness may be carried to any extent. This contrivance consists in the 
use of two screws, the threads of which may have any’ given strength, but 
which differ slightly in breadth. While the working point is urged forward by 
that screw whose threads have the greater breadth, it is drawn back by that 
whose threads have the less; so that during each revolution of the screw, 
instead of being advanced through a space equal to the breadth of either of the 
threads, it moves through a space equal to their ditt'erence. The power of such 
a screw will be equal to that of a single screw, the distance between whose 
threads is equal to the difference of the distances between the threads just 
mentioned. ■ 
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The great power and compactness of the screw, as a mechanical engine, 
render it highly nsefid in the formation of presses, in which a great pressure 
is required. The screw is therefore usually employed in the expression of 
juices from solid bodies, in coining and in reducing the bidk of light and soft 
bodies, so as to render them convenient for exportation. (See Press.) 

The screw is also used very efficiently in the measurement of very minute 
motions and spaces. Thus, suppose the screw to have one hundred threads in 
the length of an inch, each revolution of the screw will advance the point one 
hundredth of an inch. Now, if the head of the screw be a circle one inch in 
diameter, the circumference of the head will he somewhat more than three inches; 
this may he easily divided into a hundred equal parts, each distinctly visible. If 
a fixed index he used, the hundredth part of the revolution of the screw may 
he observed, 'and this will advance the point of the screw one ten-thousandth of 
an inch. To observe the motion of the point of the screw, a fine wire is 
attached to it, which is carried across the field of view of a powerful microscope, 
by which its motion is made distinctly perceptible. Such a screw is called a 
micrometer screw, and is much used in graduated instruments, fi r astronomical 
observations. Hunter’s screw may be also conveniently used for the same 
purpose. 

The most common kind of screws are those used by carpenters and other 
mechanics, for fastening wood, or wood and metal together, and are therefore 
usually termed in this country wood-screws, though the Scotch name of screw- 
nails is somewhat more appropriate, as distinguishing them from other kinds of 
screws. 

The blanks for wood-screws are forged by the same’class of workmen as make 
nails ; they in fact closely resemble the counter-sunk clout nails, with the 
exception of their ends not being pointed. An improvement upon this method 
has been adopted by some screw manufacturers, which consists in making the 
blanks out of round rolled iron, cut into the requisite lengths, and then pinching 
these pieces, when red hot, between a pair of clams or dies,'in the chaps of a vice, 
and forming the heads by a hammer, or the stamp of a fly-press. To form the 
threads files were used in the infancy of screw-making, but this process has been 
long superseded by the modern practice of cutting and tapping. The forged 
blanks being well annealed, their small ends are successively placed into a 
jointed chuck, at the end of a steel mandril, where they are griped fast and 
made to revolve, while a file is held against them, to brighten their stems, and 
the countersinks of their heads. The blanks are then released, their heads 
filed flat, and the nick for the screw-driver made by a circular saw. The blanks 
are now ready for tapping, by a small apparatus similar to the common lathe, 
as represented in the following cut. At a is a steel cylindrical mandril, about 



twelve inches long, revolving in collars in the puppets h b by the motion of a 
strap passing round the pulley e ; d is a loose pulley to carry the strap when 
taken off c. At e ii an iron box made to open and firmly fix by screws the end of 
the regulating-screw f, of which there are as many provided as there are varieties 
in the threads of the screws to be cut ; they are usually five or six inches loim ■ 
g is the chuck in which the screw is fixed, by means of a kind of hasp or shackle 
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bott, with its end projecting as seen at h ; whence it is projected by the revolution 
of the regulating screw, between a pair of cutters or dies at i, of the same 
degree of fineness as the regulator screw used. The shape of the thread or worm 
itself depends, however, upon the form of the operating edges of the cutters. 

The patent screws manufactured by Mr. Nettlefold, of Holborn, are made 
with great attention to the perfection of the worm ; the upper side, as in- 
tended to be represented in the following Fig. 1, is very flat, or inclined, but 
verj' little from a plane, passing through its diameter, which causes a great 
resistance to its being forcibly pulled out of the wood ; and the under side of 
the worm is considerably inclined, which greatly facilitates its entrance into the 
wood, rendering it unnecessary, in soft elastic woods, to bore any hole for its 
reception ; the form is best seen in the sectional representation of a portion 
of the screw in Fg. 2, the black space being the screw, and the tinted 



parts on either side, a portion of the wood ; also exhibiting the facility of 
entrance, and the difficulty of drawing out. The greater part of the common 
wood screws sold in the shops, are, however, very wretchedly constructed, in 
this as well as other respects. Fig. 3 shows a section of their shallow, 
rough, and imperfect worms, the heads, stems and nicks in which are fit 
accompaniments to articles so fabricated. The chief defects of common wood 
screws, besides bad threads, are the having, at the termination of the worm, a 
projecting bar, which is apt to tear away the wood before it, and leave little or 
no solid matter for the screw to hold by ; the nicks in the heads being too 
shallow, or highest in the middle, preventing the screw-driver from taking 
an efficient hold to turn them in and out. These defects are carefully obviated 
in Mr. Nettlefold’s screws, and they are made with extraordinary truth and 
beauty, considering the very low prices at which they are manufactured. • 

The machinery by which wood screws are made vary considerably in the 
different manufactories, and numerous patents have been successively taken out 
for improved processes ; in several of which, attempts have been made, with 
partial success, to fabricate them without the intervention of human hands, 
farther than furnishing the raw material to the machines. Several persons 
have succeeded in casting screws, — an operation of a very curious, and, appa- 
rently, difficult nature. A Staffordshire manufacturer of the name of llaullin, 
had a patent for an ingenious process of this kind, which is described in the 
13th volume of the Repertorg of Arts. 

Immense quantities ,of screws, of the smaller kind, are made from wire, in 
the neighbourhood of Birmingham and Wolverhampton. They are chiefly 
made in the houses or cottages of the workpeople, wherein the children mate- 
rially assist; the screvying being effected by turning a winch handle fixed to 
the end of a cylindrical mandril, the other end of which is furnished with a 
chuck to contain the screw blank, which is thrust forward and turned round 
between steel dies fixed in a puppet head, the action being regulated by a 
screw thread on the mandril, taking into a hollow screw fixed in an interme- 
diate puppet bead. 

In the 41st volume of the Transactions of the Society of Arts, is described a 
very convenient and simple tap (invented by Mr. Liebe, of tire Strand) for 
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cuttiug hollow screws in wood by which workmen are enabled, with the same 
tool, to form either right or left, single, double, or treble hollow screws of the 
same diameter. The screws capable of being made by this implement, are, 
however, far from being mathematically accurate, but will be found to be 
quite as good as the hollow screws made in the usual waj-, and adapted to the 
use of various wooden articles of domestic furniture, and to some common 
kinds of machinery. 

The tap is a thin quadrilateral piece of steel, of the length and breadth of 
the required screw, having its longitudinal edges cut into saw teeth ; the teeth 
in one row being opposite to the intervals in the other, and therefore representing 
a section of a screw, the teeth being sections of the threads. A cylinder of hard 
wood is turned, so as to correspond with the dimensions of the intended screw, 
and a longitudinal piece being sawn out from the middle, representing a section 
through the axis, the serrated plate is to be inserted and firmly rivetted in its 
place. The cylinder terminates in a flat head for the purpose of receiving a key 
or lever, which enables the workman to overcome the friction experienced in 
cutting the screw. 

In order to use this tool, a cylindrical hole, equal in diameter to the cylin- 
drical stem, is to be bored in a piece of wood, and the serrated cylinder being 
then introduced, giving it a circular or spiral motion, will form a right or left- 
handed screw, according to the direction in which it is turned ; and by entering 
two or three threads at once with a common V tool, the same tap will give a 
double or treble-threaded screw. 

The hard wood being first made into a screw, the blade is rivetted in, and the 
teeth are made by a file to fit the wooden threads ; the blade is then removed, 
the threads in the wooden cylinder are turned ofl", leaving it smooth ; the blade 
is then tapered at the point, so that the first teeth are no bigger than the 
cylinder; it is then rivetted again in its place, and the instrument is complete, 
as represented in the subjoined Fig. 1. Fig. 2 is an end view of the same, 
which is exhibited to show that the cylinder is cut away a little where the teeth 



are inserted, to make room for the shavings. As the cylinder fits the hole, and 
the blade is taper, a gradual and steady cut is secured, w-hich may either be to 
the right or left hand. 

Mr. Siebe also proposes steel taps for metal screws to be made in the same 
inanner, by filing away a solid screw of metal, so as to present two cuttiim 
edges, similar to those attached to the wooden cylinder. ° 

SCULL. A short kind of oar, two of which are used by one rower. Sea 
Boat. 

SCULPTURE. The art of carving stone, wood, or other solid substances, 
into statues and other omamer.ital designs. 

SCUPPERS. The channels made through the sides of a ship close to the 
upper surface of the deck, to allow the water to run off. 

SCYTHE.* A broad curved blade of steel, connected to one of the extremi- 
***op/^ Handle, and chiefly employed for mowing grass. 

SECANT, in Geometry, is a term sometimes used to express a line that cuts 
any other whatever ; •in a more restricted sense, it may be defined as a right 
line cutting a curve ; but, m the most commonly received sense, it is a right 
line cutting a circle. In Trigonometry, however, a secant implies a right line 
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drawn from the centre of a circle, which, cutting the clrcnniference, proceeds 
till it meets with a tangent to the same circle. 

SECTION, in Geometry and Drawing, implies the figure and appcaraicc tf 
any body when cut through by any plane. 

SECTOR, in Geometry, is a part of a circle comprehended between two radii 
and the arch ; or it is a mixed triangle, formed of t«o radii and the arch of a 
circle. 

Sector. The name given to a very useful mathematical instrument, and 
significantly termed by the F rench, compos de proportion. The sector, in an 
ordinary case of instruments, is only six inches long when shut ; but one of nine 
or twelve inches long, will be found mote convenient for use, as the divisions of 
the scales are more obvious. By means of this instrument a great many pro- 
blems are readily solved. 

Sector, Graham's Astronomical, an instrument invented in the early part of the 
eighteenth century, for finding the right ascension and declination between two 
celestial objects, of which the distance is too great to be observed through a 
fixed telescope by means of a micrometer. Tliis instrument is minutely described 
by Dr. Smith, in his Treatise on Optics, book iii. chap. 9. 

SELENITE, OR Sparry Gypsom, in Mineralogy, a substance found in 
beds of gypsum, or of blue clay, and in old mines ; this mineral is to be found 
in inany parts of this kingdom, as well as on the European continent ; the 
ancients employed it for glazing their windows, whence it obtained the names 
of glades marire, and lapis specularis. After calcination, it is sometimes employed 
by sculptors in forming their models. 

SELENIUM, in Chemistry, a new substance recently discovered by Professor 
Berzelius, and ranked by him among the metals ; though some chemists are 
doubtful whether it might not, with greater propriety, be classed with sulphur 
and phosphorus. This substance was obtained by Berzelius from the pyrites ot 
Fahhm, in Sweden. Its colour is gray; it has a brilliant metallic lustre, and is 
slightly transparent. It softens when heated, to 212“ Fahr., and melts at a 
tew degrees higher. When cooling it may be drawn into fine threads, having 
likewise a strong metallic lustre ; when cooled slowly, it breaks with a granular 
fracture. At 600“ it boils ; and that portion which is volatilized, on becoming 
cool, either condenses into opaque metallic drops, or else is sublimed in the 
form of a fine red powder. , When submitted to the blow-pipe, it tinges the 
flame of a beautiful azure, and emits a strong smell of horse-radish. It conducts 
heat very sparingly, and electricity not at all. Selenium, when heated in nitric 
acid, is dissolved, and a part of the acid combining with the oxygen of the 
mineral, forms selenic acid ; which acid being first evaporated to dryness, may, 
by the application of heat, be either volatilized, or made to form crystals in 
needles, some of which are found to be a foot in length. These crystals are 
soluble in water. Selenic acid unites readily with the fixed alkalies, forming 
with them the salts called selenites, which have the colour of vermilion, crystal- 
lize with difficulty, and deliquesce on exposure to the action of the atmosphere. 
By introducing a plate of zinc into an aqueous solution of any of these salts, 
the selenium will be precipitated in a metallic state. See lire's Dictionary of 
Chemistry. “ 

SERGE. A woollen quilted stufi^ manufactured on a loom with four 
treadles, after the manner of rateens, and other stuffs that have the whale. The 
goodness of serges is known by the quilting, as that of cloths by the spinning. 
Of serges there are various kinds, denominated either from their different quali- 
ties, or from the places where they are wrought. Tlfe most considerable is the 
London serge, which is highly valued abroad. The method of making the 
London serge is described in the Oiford Encycloptedia to be as follows -.—For 
chosen for the warp, and the shortest for the woof. Before 
eit er kmd is used, it is first scoured, by putting it in a copper of liquor, some- 
w a more than lukewarm, composed of three parts of urine and one of water. 

er 1 Amg smyed long enough for the liquor to dissolve and take off the 
mease, efec. it is stirred briskly about with a wooden peel; taken out of the 
liquor, drained, and washed in a running water; dried in the shade, beaten with 
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sticks on a wooden rack, to drive out the coarser dust and filth, and then picked 
clean with the hands. Thus far prepared, it is greased with oil of olives ; and 
the longest 2)art, destined for the warp, is combed with large combs, heated in a 
little furnace for the purpose. To clear off the oil again, the wool is put in a 
liquor composed of hot water, with soa]) melted therein; whence being taken 
out, wrung, and dried, it is spun on the wheel. As to the shorter wool, intended 
for the woof, it is only carded on the knee with small cards, and then spun on 
the wheel, without being scoured of its oil. It must be remarked, that the 
thread for the warp is always to be spun much finer, and better twisted than 
that of the woof. The wool both for the warp and the woof being spun, and 
the thread divided into skeins, that of the woof is put on spools, unless it have 
been spun upon them, fit for the cavity or eye of the shuttle ; and that for the 
warp is wound on a kind of wooden bobbins to fit it for warping. When 
warped, it is stiffened with a kind of size, generally made of the shreds of 
parchment ; and when di’y, it is put on the loom, and wove in t'ne common 
method. The serge, when taken off the loom, is carried to the fuller, who 
scours it in the trough of his mill with fuller’s earth, first purged of all stones 
and filth. After three or four hours’ scouring, the fuller's earth is washed out 
in water, brought by little and little into the trough, out of which it is taken 
when all the earth is cleared ; then, with a kind of iron pincers or plyers, they 
pull off all the knots, ends, straws. See., sticking out on the surface on either 
side ; and then retnrtiing it into the fnlling-trough, where it is worked with 
water somewhat more than lukewarm, in which soap has been dissolved, for 
near two hours : it is then washed out till sueh time as the water becomes quite 
clear, and there he no signs of soap left ; then it is taken out of the trough, the 
knots, &c. again pulled off, and then put on the tenters to dry. When well 
dried, it is taken off the tenters, and dyed, shorn, and pressed. 

SEWER. A subtenancau channel or canal, formed in cities, town«. and 
other places, to carry off water and other matters. The constiuction of the 
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C the grating above ground, covering the entrance to sewer; D D the solid 
earth ; E the entrance from the street, called the well, and opening into the 
branch or collateral sewer I, which leads into the main sewer J, represented in 
perspective ; the light in the distant portion designating the opening of another 
collateral sewer into it. 

As the health of the inhabitants of a great city mainly depends upon frequent 
cleansing, and the getting rid, in particular, of foul waters, and all substances 
capable of the putrefactive fermentation, it will not be out of place if we notice 
the leading defects of the present plan. In fact, the London sewers are the 
abodes of pestilence, owing to the large quantities of animal and vegetable 
matter that are constantly being swept into them, where they undergo decom- 
position, and send forth their noxious exhalations through the gratings. In the 
neighbourhood of distilleries, brew-houses, dye-houses, &c., large quantities of 
hot liquid are frequently poured off into the sewers, which accelerates the fer- 
mentative process ; and when the water is in considerable quantity, as in the 
case of a smart shower of rain, the putrefactive matter is stirred up, and the 
surrounding inhabitants ai'e doomed to breathe the contaminated atmosphere. 
Large quantities of rubbish and filth are also frequently forced through the 
gratings, and much of the matter is too ponderous to be carried off by the cur- 
rent, but falling from the grating upon the inclined plane of the collateral 
sewer, they are projected forward, and are collected in a mass at G, where it 
continues to increase ; and the same effect takes place at the end of each col- 
lateral sewer, till, at the end of a few years, the accumulation chokes up the 
sewer entirely, so that nothing more can pass through it. Then, from neces- 
sity, commences a very annoying and tedious operation ; the street is stopped 
up, the pavement removed, and the sewer laid open to clear out the vast accu- 
mulation of filth. This done, the arching is rebuilt, the ground remade, and 
the paving repeatedly laid afresh, before an even settlement takes place. The 
cause of this choking up, however, remaining unaltered, the same occurrence 
takes place a few years afterwards, and recourse is again had to re-opening, re- 
cleansing, tmd rebuilding, only to be renewed after a similar interval of time. 
To pay the enormous expenses thus incurred, a heavy tax called a sewer-rate 
is levied upon the inhabitants, and placed in the hands of the Commissioners of 
Sewers, who, seemingly, find it to their individual advantage to disburse the 
funds in their old way, without regard to various improved plans, which have 
been repeatedly submitted to their consideration and adoption. A very simple 
plan for their improvement was proposed by Mr. Joseph Cuff, which that gen- 
tleman strenuously endeavoured to get a fiiir trial made of, but, we believe, with 
little success in the metropolis, though it has been adopted, we understand, in 
Liverpool and some other provincial towns. The figure on the following page 
is descriptive of the alteration proposed by Mr. Cuff; it represents a section of 
a street to the seme scale as the preceding figure, in which the same letters of 
reference indicate corresponding parts ; A being the roadway of the street ; B 
footpath ; C the grating ; D D solid earth ; E the well ; F supernatant water ; 
G a cesspool, with the ponderous matter lying in it ; H the curtain, or dipping- 
valve ; I the branch or collateral sewer, leading into the main sewer. It will be 
readily perceived, that stones and all ponderous matter cannot enter this sewer : 
that nothing but water or matter in solution can pass into it, which quickly 
flows off when above the level of the collateral sewer, as shown in the engraving. 
The silt collected at the bottom of the well lies in a quiescent state, and tlie 
water, which covers it to the depth of several feet, effectually prevents all 
noxious exhalations ; acting precisely as the “ stink-trap” commonly used in the 
sinks and drains of private houses ; aud, like them, the supernatant water is 
constantly being changed by fresh accessions of the fluid running into the 
sewer. The cesspool is cleared out once a month, or oftener, if*required, by 
means of proper rakes and tools, and is the work of only about twenty minutes ; 
but it is proposed to have, in some instances, cast-irou receptacles to fit the 
bottom of tlie well, which are to be drawn up by a crane connected to the cart 
which carries away the silt and ponderous rubbish. If at any time a foul 
smell should be emitted, the remedy is easy, quick, and of trifling expriisc. 



resort of a prodigious number of rats, who feed upon the ofial tluown down he 
etatings; Uiese raft co.ne through the gratings at pleasure and pass into the 
dwellin- houses. Bv the new plan they could not do this ; besides, they would 
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find no food there ; and having no similar stronghold to resort to, it is to be pre- 
sumed that their numbers would be quickly reduced by the arts of the rat- 
catcher. 

Immediately connected with this subject, is a patent taken out in 1822, by 
Mr. John Williams, of Cornhill, “ for a method to prevent the frequent removM 
of the pavement and carriage paths for laying down and taking up pipes, and 
for other purposes, in streets, roads, and public highways.” 

The nature of Mr. Williams’s plan will be fully understood on inspection of 
the following drawing, representing a transverse section of the street, rr repre- 
sents the paved road-way; /, the foot-pavement ; b, a section of the front wall 
of the basement story of a house, with a pipe p to supply water from one of 



the mains o, contained in the sub-way. The opposite side of the diagram is 
incomplete, having been cut off for want of room ; the pipe p there shown is 
for the supply of the house on that side, with either gas or water ; the upper 
pipes, which may be supposed to belong to different companies, are suspended 
to the crown of the arch by iron straps. The lower pipes are supported upon 
the floor ; m m shows the outline of the masonry ; s, the common sewer, which 
has, at stated distances, openings into the sub-ways, but secured by air-tight 
doors, to prevent the escape of effluvia ; /, one of the holes covered with a 
gi'ating, for the admission of light and the circulation of air. The patentee 
proposes to build his “ sub-ways,” (as he terms them) when practicable, over th.o 
sewers, with drainage from them into the servers ; the dimensions are aborit 
7 feet high and 4 feet wide, but these may be varied according to circumstances. 
Openings are to be made on the tops of the sub-ways, or tunnel, at every 
hundred feet, for the purpose of admitting air and light ; and passages are to be 
made in the sides to admit inspectors and workmen. Along each side of these 
tunnels are to he arranged pipes to supply the inhabitants of the streets under 
w hich they are built, with water and gas. 

Amongst the advantages enumerated by the patentee to be derived from the 
introduction of sub-ways, may he noticed the facility with which a line of 
pipes may he deposited along a street, without breaking up the pavement, and 
the consequent annoyance to the inhabitants, obstruction to the passengers and 
detriment to the stability of the roads ; the immediate access at ail times to 
inspect the pipes, effect the requisite repairs, or obtain an additional supply of 
water in cases of fire, and better opportunities of repairing and clearin<r 
the common sewer, whether it be situated underneath or alongside of the 
sub-way. 

SEXTAN r, in Aaironoimj and Optics, an instrument for observing altitudes, 
mstances, &c of the heavenly bodies. Its nature, constfuction, and uses, are 
similar to those of the quadrant, excepting that its circular limb contains only 
sixty degrees. 
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SHAGREEN. A kind of grained leather, much used in covering books. 
See Leather. 

SHAI.E. A variety of shistose clay. The acid emitted from the clay 
during its calcination, uniting itself to the argillaceous earth of the shale, forms 
alum. About 120 tons of calcined shale will make 1 ton of alum. The shale, 
after being calcined, is steeped in water, by which means the alum, which is 
formed during the calcination of the shale, is dissolved. The dissolved alum 
undergoes various operations before it is prepared for the shops. This kind of 
shale forms large strata in Derbyshire, and is frequently found above the coal 
in most of the coal districts of England. 

SHAMMY, as it is usually denominated, but rather Chamois. A very 
pliable kind of leather, originally prepared from the chamois goat. See 
Leather. 

SHEATHING, in Naval Archiieclure, a sort of covering nailed all over 
the outside of a ship’s bottom, to protect the planks from the ravages of worms. 
Formerly, this sheathing consisted only of boards tarred and payed over ; but 
now copper is resorted to, not merely as a substitute, but as an additional 
covering, and it has become almost universal, where the expense can be 
sustained; it is of especial utility in vessels making long voyages and into warm 
climates. The rapid corrosion of copper, by tbe action of sea water, renders the 
frequent renewal of it a very serious item of expense to the ship-owner. In a 
patent which Mr. Robert Mushet took out a few years ago, for “ certain- means 
or processes for improving the quality of copper and alloyed copper, so as to 
render it more durable when employed as sheathing to ships’ bottoms,” he 
states (what our experience confirms), that owing to some defect in the manu- 
facture of the copper, the sheathing upon a ship is sometimes worn away by 
oxidation in a much shorter period than usual, lasting only one, two, or three 
voyages, instead of five, six, seven, or more (according to the time and distance, 
and thickness of the copper). The cause of this Mr. Mushet considers to arise, 
not simply from the impurity of the metal, but from the undue proportion of 
the alloy with which it may be mixed. He also states, that he has found that 
the purest copper, exposed to the action of sea-water, is not so tenacious as 
when alloyed in the manner he proposes in his specification, and on which he 
founds his patent. He directs, that to 100 lbs. of copper is to be added 2 oz. of 
the regulus of zinc, or 4 oz. of the regulus of antimony, or 8 oz. of the regulus 
of arsenic, or 2 oz. of grain tin. Instead of these alloys separately, they may 
be employed in conjunction in the following proportions : viz. to 100 lbs. of the 
copper add half an ounce each of the zinc and tin, 1 oz. of the antimony, and 
2 oz. of the arsenic. By these mixtures, Mr. Mushet states that the copper is 
rendered much move cohesive and fibrous in its texture, and that the corrosive 
effects ’of the sea-water will, in a great measure, be prevented. 

Mr. Christopher Pope, of Bristol, took out a patent, in 1824, for the manu- 
facture of metallic plates, chiefly for the purpose of sheathing of ships, in which 
copper is altogether discarded. These plates are composed of tin and zinc, or 
of tin, lead, and zinc. Mr. Pope says, in his specification, — “ To unite tin and 
zinc, I take a certain quantity of zinc, as it is usually made, and melt it in an 
iron pot, and when melted, I add an equal quantity of tin ; and having stirred 
them together in a fluid state, I cast cakes of it in moulds of about 8 inches 
broad, 10 inches long, and f of an inch thick, which cakes are afterwards 

hammered or rolled out into sheathing To unite tin, lead, and zinc, 

1 melt a certain quantity of lead, and add to it twice the quantity of tin. This 
composition I cast into small lumps, and having melted three times as much 
zinc as I had previously melted of lead, I then add the small lumps of tin and 
lead, and melt the whole together; wliich meUiod I find to be the best.” This 
mixture he t^sts into cakes of the size before mentioned, and then rolls them 
out into sheets ; and he particularly enjoins, that no more heat be used than is 
just sufiicient to compound the alloy, as the metal becomes hardened by an 
excess of heat ; and^hat it is advisable, in rolling out the cakes, to heat 'them 
to the temperature of boiling water, by which he says that “ they will roll or 
hammer softer than when cold.” This metallic sheathing has, we are informed, 
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been more extensively employed for covering of the tops of houses, than the 
bottoms of ships. 

A few years ago, some very favourable accounts were published of the patent 
Indian rubber sheathing, which consisted of a coarse fabric of fibrous material, 
saturated with a solution of the elastic resin, together with pitch and tar. The 

f rice of the sheathing was ten pence per sheet, of the size of 34 inches by 20. 

t was found to be a complete protection against the worm, and must, at the 
least, we think, form an improved substitute for the felt in general use. 

It was for some time supposed that Sir H. Davy had discovered a remedy 
against the rapid oxidation of the copper. Regarding the action of the sea- 
water upon copper as of a galvanic nature, that great chemist considered that, 
hy the addition of small pieces of tin and zinc, the copper would be rendered 
negatively electrical, and oxidation prevented. Ships were sheathed on this prin- 
ciple, and sent to sea ; but they proved such had sailers, from the foulness of 
their bottoms, that a negative was soon put upon the scheme. It is true that 
the copper was thus protected by the zinc and tin, but the barnacles (shell-fish) 
attached themselves so much to the protectors, as to introduce a greater evil 
than they were calculated to remedy. Sanguine hopes were entertained of the 
success of this plan, and the disappointment consequent upon failure, was, of 
course, extensively felt. Founded upon the same theory of the galvanic influ- 
ence, a patent was, a few years ago, obtained by Professor Pattison, for making 
use of iron plates, protected by zinc, which, it was asserted, entirely prevented 
the oxidation of the iron ; and that a ship sheathed with iron and little bits of 
zinc had been two years at sea, and returned home with a clean and bright sur- 
face. The specification of the patent states that the iron plates may be of the 
usual dimensions of the copper plates, and for each area of 1 00 inches in the 
iron, a plate of zinc of from oiie-eighth to one-fourth of an inch thick, equal 
to five inches in area, is attached to the lower extremity of the sheet, so that in 
sheathing the vessel from the upper part downwards, each succeeding sheet of 
iron shall be in contact, by lapping over, with the zinc plate of the sheet imme- 
diately above it. Plates of zinc must also be attached to the inside of the sheet 
of iron, bearing a proportion in area to those on the outside, of 3 to 5, The 
spikes and bolts by which the sheathing is fastened to the vessel are each to be 
furnished with a disc, or washer, of zinc, fitting closely to the head ; ^nd it is 
recommended that they be driven well home to insure perfect contact. The 
nails employed are to be made concave under the head, and the cavity is to be 
filled with melted zinc. The proportions of five square inches of zinc to one 
hundred of the iron, is not insisted on ; any greater proportion wiU be equally 
effectual, and the zinc may be alloyed with copper, tin, or lead, in the propor- 
tion of from 3 to 10 per cent. By this mode of sheathing vessels, it is asserted, 
in the specification, that the corrosion or oxidation of the metal will be -nearly, 
if not entirely, prevented. 

SHEAVE. The wheel contained in pulley blocks. 

SHEERS. A nautical terra applied to an ordinary contrivance for hoisting 
in or getting out the masts of a vessel ; it is composed of two long spars or 
masts, erected in a mutually inclined jrosition, so as to cross each other at their 
upper ends, where they are lashed together, and their lower ends being secured 
to the opposite sides of the vessel, tackle blocks are suspended to them for the 
above-mentioned and other purposes, such as the loading or unloading the 
vessel, &c. 

SHELF, among Miners, the strata which they find lying in a very even 
manner. 

SHIELD. An ancient weapon of defence, in form of a light buckler borne 
on the arm to ward off lances, darts, &c. ; the usual shape of which is’repre- 
sented by the escutcheon m coats of arms, ^ 

SHIP. The general name for any large vessel fitted with one or more 
masts and sails, for the purpose of navugating on the sea. The name ship :s 
however, more strictly and properly applied to a vessel with three masts and a 
bowsprit ; each mast consisting at least of two, and most frequently of three 
component parts ; namely, lower-mast, top-mast, and top-gallant-mast, each 



SHIPS. 


649 


of them having its corresponding yard carrying a sqnare-sail tigged aloft, 
the bowsprit mso being fixed, and furnished with sprit-sail-yard, jib-boom, 
&e. The distinguishing features of sea-going vessels of other descriptions 
are noticed under their respective heads ; and as it will not accord with the 
prescribed limits of this work to enter at large into the subject of naval 
architecture, we shall in this place introduce to the attention of the reader, 
some interesting improvements and suggestions, which have recently been 
made by ingenious and scientific men. 

A few years since, Mr. David Redmund, an engineer of the City-road, 
London, (who was originally a shipwright), took out a patent for improve- 
ments in the mode of constructing tbe hulls of ships and other vessels, the 
main objects of which were the obtaining of a more effectual security against 
shipwreck, and faciUtating the general adoption of steam navigation. Tlie 
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“ The present mode of framing the hulls of vessels leaves a vacancy 
between the ribs and frames, which said ribs or frames are not firmly 
connected together, so as to unite tiieir strength, until the planking is 
afidxed to them ; so thab previous to planking, the hull has no strength 
whatever. Now as this is, I conceive, the foundation of the structure, I 
respectfully submit that, when in that state ready for planking, the vessel 
should be, if possible, of sufficient strength to resist all such shocks or 
concussions as vessels are liable to meet with ; so that when planked, she 
should acquire the full portion of additional strength which can be irnparted 
to her construction by that process, and that the shocks or concussions to 
which all vessels are liable, should not be received on, or affect, the tree- 
nails, or bolts, which secure the planking to the frame of the vessel. Now 
as the present vessels, previous to planking, are not, by their construction, 
capable of supporting themselves, and only acquire strength by ^ their 
planking being secured to the frame or timbers, by wooden tree-nails or 
bolts, I presume it is evident, that the greatest portion of every violent 
strain, shock, or concussion, that the vessel is subject to, must, in a great 
measure, be received and sustained, in some direction or other, by the afor^ 
said wooden tree-nails or bolts, which have first given strength to the fabric 
by securing the frames and planking together. The ribs or timbers not 
being united close together, there seems to be nothing to prevent the 
greatest] portiop of the shocks being received by the tree-nails or bolts ; the 
repetition of the shocks soon works the tree-nails loose in their holes, and 
the vessels then become crazy and leaky; which shows clearly how very 
inadequate they must be for the purpose of sustaining any lengthened 
continuation of such strains and concussions as all vessels are liable to. In 
my construction of vessels I have no vacancy between my ribs or timbers ; but 
I begin at the middle of the ship, and bolt each rib or frame firmlj’ to its 
fellow, inserting the bolts in each that are to receive the next, as shown in Fig. 3, 
which shows six of the first ribs connected together, with the heading joints 
always crossed, and the bolts standing out to receive the next rib ; so I work 
right and left to the head and stern, as shown in Ftg. 1, which is a longitudinal 
section of all the ribs or timbers, showing the bolts let in at the heads to admit 
of each rib being bolted close to its fellow, each requiring to have holes made in 
them, to receive the nut of the bolts of the previous one, as is seen in Fig. 1. 
My heading joints are each grooved a little way in, and a tongue or tenon of 
metal driven in after it is in its place, which will serve as a stop to the caulking, 
and give steadiness to the ends ; and the tongue or tenon should enter about an 
inch or more into the ribs on each side. It will be requisite to have as large 
washers or plates under the heads of the bolts, and also under the nuts, as the 
size of the timbers will admit of, only the edge of the plates should not come 
within three-quarters or half an inch of the face of the timbers; so that, 
when caulked inside and out, both holts and plates are secured from air and 
water. The holes for the bolts should be about one-fourth of the thickness, or 
a little more, from each edge ; so that if the timber were eight inches, the 
centre of the hole should be about two inches and a quarter, or two inches and 
a half from each edge. It may be found proper in some light constructed 
vessels to have the bolts in the centre of the timbers ; in such cases the vessels 
will be exceedingly strong, but will not be so stiff as the other way. It will be 
seen by Fig. 1, that all my timbers are made smaller at the upper end, and 
larger at the lower part next the keel ; and, as every good practical ship-builder 
is acquainted with the prevailing methods of striking out the timbers to stand 
at any angle or inclination, I need only remark, that the angle of inclination 
at which I have shown the timbers, appears to me to be the best. But if the 
test of experience should suggest any alteration, it is easily doneiby making the 
timbers more or less of the wedge form, as may be found best. 

The section Np. 1 also show's the timbers are of various dimensions, as it is 
not absolutely necessary they should be all of one sifie, only they should he 
tapered in proportion, so as to keep the proper angle ; but they shoidd 
he all of the same dimensions the other way, so as to produce an even 
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surface for the planking, as at present ; and I should always keep my timbers 
to their fullest dimensions from outside to inside, as the more I increase the 
surface of mj' abutments, the greater the stability of the vessel, — always bearing 
in mind that I am constructing an arch, to be self-abutted in every direction. I 
can reduce the thickness of the planking, and increase the thickness of the 
timbers, and, by so doing, greatly increase the strength of the vessel ; and as 
strength and stability are the principal objects I propose to obtain by my im- 
provements, in those parts of the vessel at or near the head or stern, where the 
ribs form a siiarper or more acute angle at the keel, as shewn by Figs. 7 and 8, 
1 would keep the line of the timbers more to the circle, to admit of the timbers 
which cross the keel being cut out of trees of moderate dimensions, without the 
grain running too much across, and to fill out the shape with what is technically 
termed dead wood or chocks, as shewn by Figs. 7 and 8, which should be 
secured to the rib, and bolted to its fellow piece ; which, by increasing the. 
surface of the abutments, adds stability to the arch, and proportionate strength 
to the vessel. 

“ If any objection should be made about the quantity of dead wood or chocks 
accumulating, by adhering strictly to the rule laid down as relative to Figs. 7 and 8, 
I would wish it to be understood, that if the ribs were prepared for those parts as 
they are at present, only to diminish them from the top to the bottom, as before 
stated, and bolt them firmly together, and to the keel, as at present, the vessel 
would be infinitely stronger than by the ordinary mode, but would not, in my 
opinion, be of equal strength and durability as if executed agreeable to the rule 
laid down in Figs. 7 and 8 ; as on my plan, if the whole of the keel, stern-post, 
and the dead wood, were all carried away, the frame of the vessel would remain 
firm and secure, aud would only have lost the trifling portion of strength she 
had acquired from her keel and dead wood being affixed to her frame. It may 
be proper here to remark, that on my improved mode of ship-building, every 
additional piece of timber affixed to it from the first rib or frame to the last 
plank, all and every additional piece so afidxed brings with it its proportionate 
addition of strength and stability to the vessel, beyond its own weight. Even 
what is technically termed dead wood, on my principle, brings its proportionate 
addition of strength aud stability to the vessel, if it is put on, and secured to 
each rib, and bolted to its fellow as directed. 

“ The beams on which the decks lay should be secured to the sides of the 
vessel in the usual manner ; but as room is considered a great object between 
decks, aud the present decks, beams, and planking take up from 10 and 11 to 
14, 16, and 18 inches, according to the size of the vessel, and the number of 
decks, &c., I propose cutting oak scantling to the size or thickness of the decks, — 
say about 6 or 8 inches square, according to the width of the vessel, — keeping 
the curve of the deck as much as possible, — say about 7 or 8 inches in the width 
of about 28 or 30 feet, and the scantling about 6 or 8 inches, taking about the 
same quantity of timber as at present used in beams and planking. These I 
bolt firmly together (see Fig. 5,) after the same manner as the ribs of the hulls, 
with about three-quarter or seven-eight bolts, according to the rate or tonnage 
of the vessel. The scantling should be all the length across the vessel, and 
being bolted together as above, would be found of great strength ; but to increase 
the strength as might be required, I would truss two together at about 6 or 8 feet 
apart, as in middle-deck i^iy. 5 ; or a truss, constructed asFig.li, might be inserted 
into each scantling ; or a rule joint self-abutted chain, as Fig. 13, might be let 
into the edge of the scantling, for the same purpose : and they should continue 
through the sides of the vessel, having a stout nut-screw and plate, to enable 
them to secure the sides firmly to the deck, — thus answering a double purpose ; 
and by having fewer or more of them, the decks may be made of any additional 
strength required, with an even surface underneath, yet will not take up half 
the space occupied by the present decks. I merely name these methods, if 
additional strength should be required ; but it is my opinion there will be 
sufficient strength without them. In vessels where expenses or first cost were 
not an object, the timbers might be prepared with a circular groove in the 
centre, (see Fig. 10,) in which groove a strongly twisted rope of oakum might 



652 


SHIPS. 


be put, which, being left rather large, would, when screwed up tight, form a strong 
and tough tongue or key, and also a stop for the caulking. The decks, if 
required, could be done in the same way, and they might be caulked on both 
sides, if requisite; and if any objection should arise about the joints of the 
decks running across the ship, they might board it the other way with thin 
boards (as see F'tg. 5,) or the scantlings might run from head to stern, kept to 
the curve, and bolted together the same as the others ; in which case it would 
form an arch, the abutments of which were secured, but would not be so strong 
as the other way. Fig. 4 shows how the timbers come to a finish at the head 
and circular stern of the vessel. The keel or stern-post is not shown, as it is 
only to show how the timbers finish, and also what very short pieces may be 
occasionally used ; as the strength of the arch does not so much depend on the 
length of the pieces, as on the increased surface and effectual security of the 
abutments. It will be understood that spaces for port holes in ships of war can 
be left without materially diminishing the strength of the vessel. 

“ It is supposed in this description, that the keel is first laid down, as usually 
done, only its internal edge will be formed to the curve of the under part of the 
hull, exclusive of the filling out pieces or chocks alluded to in Figs. 7 and 8. 
My improved ship now having her decks in and firmly secured to the beams 
on which they rest, and also to the sides, head, and stern of the vessel, after the 
methods before described, 1 now proceed to caulk all her joints, inside and out, 
and her decks also ; which being done, she then presents the novel sight of a 
ship of great strength, previous to planking ; presenting, in every assailable 
direction, the strength and resistance of an arch, self-supported and self-abutted 
in every direction, — no bolt or pin, but those which secure the decks to the 
frame, being visible thoughout her whole frame, to convey to the beholder the 
slightest idea of the mode by which her abutments are secured ; and her frame 
so firmly united together, her invisible endless chains of bolts being perfectly 
secured from air and water by the caulking inside and out, the vessel itself 
being, of course, water-tight every where, and of incredible strength, as the 
force of every shock is received on and divided amongst her numerous abut- 
ments. In this state, previous to planking, let the comparison be drawn between 
my improved ship, and one of the present day, previous to their being planked — 
one of great strength, the other of no strength at all — not being capable of sup- 
porting itself untd planked. I woidd now remark, that as the process of 
planking imparts such a great degree of strength to all modern-built vessels, it 
will, of course, appear to any person, that my vessel must derive a considerable 
additional increase of strength and stability by that process, as the tree-nails 
which secure the planks to the frame cannot be disturbed by any shocks or 
strains the vessel may receive, the force of all outward shocks being_ received 
on and divided among her numerous abutments — and of all strains from weight 
or cargo, on her abutments and bolts, which must be drawn apart before the 
tree-nails can be affected, which cannot occur if they are in proportion to the 
tonnage of the vessel. I now plank her; and of course my vessel would admit 
of a considerable reduction in the thickness of the planks of ships of war, which 
may be added to the timbers, — how much, I must leave to the discretion of the 
builders, who will act according to circumstances. 

The planking would be fastened, as usual, with tree nails, as I know nothing 
better ; and as the force of any shock will not now be felt by them, but received 
on the abutments, they, of course, will now be fully effective. Each alternate 
rib should be bolted to the keel, and the keelson bolted through each of the 
others, and through the keel also. The thickness of the bolts will be regu- 
lated by the weight and tonnage of the vessel. A vessel of 500 tons should 
have the six upper bolts within six or eight feet of the top, in the first sixteen 
or eighteen central ribs, that is, six on each side of the vessel to each rib ; and 
each bolt should require a force at least equal to 1 8 or 20 tons to draw it apart. 
The decks should not have less than three-quarter bolts.,, The whole of the bolts 
would be best to have strong-threaded screws, with adequate thick nuts and 
plates as large as the timber will admit of, and in those of the decks also ; should 
the iron be thought to affect the compass, a great number of these might be 
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copper bolts, of equal or of adequate strength. It must be understood, I 
merely mention about the number and strength of bolts that should be put in to 
make a firm and substantial vessel, with timbers the same size as at present, 
even before it is planked ; but it is obvious that ship-builders will exercise their 
own discretion on that head, more or less, according to circumstances ; so tliat 
some vessels will be so incredibly strong, that a storm, or being driven on shore, 
would have no effect on them, being equally secure and safe on land and water ; 
others would not, perhaps, build them so strong ; but it is certain, that with the 
same quantity of timber, and a sufficiency of bolts, agreeable to the scale afore- 
said, vessels may be constructed on this principle, of such strength and stability, 
that to hear of the wreck of one of them would be quite a novelty. With 
timber and bolts proportionate, there need be no limits to the dimensions or 
strength of vessels constructed on this plan, — which is what is most wanting in 
steam navigation, the desideratum being larger and much stronger vessels. 

“ It will be seen that very strong vessels may be constructed on my princi- 
ples, with the timbers running horizontally or longitudinally from head to 
stern, and connected together as before described. But I have described them 
vertically, as used at present, which I think to be the best, strongest, and sim- 
plest method of carrying my improvements into effect ; as it is so trifling a 
variation from the present mode, being simply improvements on the present 
methods of arranging and connecting their timbers, which, if strictly adhered 
to, and generally adopted, will put an effectual stop to the appalling annual loss 
of lives, treasure, and time, to which we have been so long subjected; substi- 
tuting safety, certainty, and punctuality, in all the future naval and mercantile 
affairs of this wonderful and enterprising nation, — thus keeping our own proper 
position in the new era of enterprise opening to our view, in the general adop- 
tion of steam navigation for all naval and commercial purposes.” 

The quantity of timber consumed in the construction of a hull of this kind, 
is much the same as in one of the ordinary kind — the quantity of bolts about 
double ; but as a great quantity of iron and other work is superseded by Mr. 
Redmund’a plan, the total cost would not be more. 

Mr. Annersley’s patent plan of building ships and boats, is exactly the oppo- 
site ; of Mr. Redmund’s, just described ; instead of depending upon the rib 
timbers for the main support of the hull of a vessel, he dispenses with them 
entirely, and derives the requisite strength from successive courses of planks 
crossing each other. The following account of the invention, derived from a 
periodical journal, will be found sufficiently explanatory. 

The mode of proceeding is first to form a model of the required dimen- 
sions, and regulate the symmetry of the subordinate arrangements accordingly ; 
this done, the model is cut across, by which the form and proportions for the 
mould are exactly obtained, as shown in the annexed Fig. 1. The moulds are then 


Fig. 1. 



(Centre Mouldy (Seetion of Model.) 


set up on the building blocks, in much the same manner as in other vessels; 
the moulds are of slender materials, merely strong enough to retain together 
the perfect shape of the intended vessel : they are shown in Fig. 2. 

' A longitudinal Id^er or course of planks is then fastened to the moulds all 
round ; namely, bottom, sides, and deck ; sheets of tarred paper are then laid 
on, and a second course of planks is put upon the course, athwart, all round 
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the first course, as shown in the subjoined figure, which crosses the grain of the 
wood, and most essentially contributes to the strength of the fabric ; each course 
of planks is tree-nailed together, and the courses continued in alternate direc- 


Fig.Z. 



(The alternate fore and aft and cross planking.) 


tions till a sufficient substance is acquired for the strength of the vessel. The 
keel, stem, and stem-posts, are put on with the last course, as shown in Tig, 4, 
and then the whole are tree-niled through and through, each tree-nail being 
driven hard in, then split at the end and wedged. ;The dead wood fore and aft 


I»g. 4. 



(Profile of the Vessel complete.) 

is fomed by cross planking, to fill up the space between the body of the vessel 
and the stern and stern-posts. To save the bottom, strengthen it, and keep the 
vessel upright when aground, two bilge keels are tree-nailed or bolted through 
into hdge planks m the inside of the vessel ; stanchions, with brackets, are fixed 
to the sides and deck, and the bulwarks are formed prior to the last course of 
planking; the last course is then laid to finish the deck: the hatchway and 

SsvstTm comyns 'introduced.' 

Lam? ‘o/eqmre much less timber, being without knees, 

building for alns’n “ore buoyant — causey no loss of time in' 

being excluded avoids the dry rot, fi-om air and moisture 

sentmg, in everv direct;™ coi^s— the resistance more elastic, and pre- 
g, m every direction, an arcb to sustain external shocks ; and, it is ad^d. 
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that in case of warfare, the destructive effects arising from splinters will be 
entirely avoided. 

A curious mode of defending ships against the effects of cannon balls, was 
proposed by the intelligent and philanthropic Lewis Gompertz, Esq., of Ken- 
nington Oval, and was published in the scientific journals a few years ago ; a 
condensed account of which we insert, conceiving it to be not altogether unde- 
serving of the attention of the scientific reader. The chief utility promised by 
the invention, is in its application to merchant vessels, ships of passage, 8:c., 
and for fortifications; but for ships of war (as it could be adopted by both par- 
ties), its effect would become neutralized, though it seems that even in this 
case it would save the men from injury, and would always be in favour of the 
weak and defensive side — its nature being that of defending itself, and returning 
the blows, but without any power of attacking, unless furnished with guns 
also. 

The annexed figure gives a transverse section of a ship, with its sides con- 
structed with oblique and curved surfaces, so as to cause the balls projected 
against it to glance off at an angle, which angle, supposing the surfaces of the 
bodies in collision to be elastic, will be always equal to that formed by the line 



in which the projectile moves, and that of the surface it strikes ; that is to say, 
according to the well-known law of the angle of reflection being always equal 
to the angle of incidence. If, therefore, a shot strikes the upper side of the 
beveled part a, it will be reflected at a similar angle, and be thrown over the 
vessel ; and if it strikes the lower side of h it will be reflected at a similar angle, 
into the water, as shown by the balls and the direction of the arrows : but if a 
ball strikes against the inclined plane of the triangular-formed piece projecting 
between a and h, it will rebound at nearly equal angles from side to side; then, 
taking the curve, it will be returned to the point from whence it was projected. 
As the force of the balls thus returned would be so much diminished as to have 
probably little effect upon the enemy, it might be advisable to dispense with the 
curved part, and make the whole defence consist of one angular projection, pre- 
senting two inclin^ planes only. The grain of the wood in these projections 
should he in the direction of the motion of the balls, and not transverse ; and 
a coating of grease on the external surface would assist in warding off the inju- 
rious effects of the shot 

Mr. E. Carey, of Bristol, who has had much experience in ship-building, and 
has suggested a variety of improvements, recommends the following method of 
fastening a ship’s side, with his newly-invented iron knees, as explained by 
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the subjoined figures. Fig. 1 is a horizontal section of a portion of a ship's side 
and heanis ; AA shows the ship's side ; B B the timbers ; C C the thickness of 
the outside planking; D D a plank, 3^ inches thick, which goes all round the 
ship, inside the timbers, against which the iron knees are fixed, and bolted 



through the side ; e e an horizontal clamp, 10 inches wide and 6 inches thick ; 
F F the iron knees, 4 inches wide and 2 inches thick, which are bolted through 
the beams and ship’s side, as at G G. Fig. 2 is a section of the same parts as 
Ftg. 1. H is the plank sheer; I the water way; J J the ends of the planks; 
K a bolt that goes through the ship’s side, through the edge of the water way, 
and six streaks of the deck below the beam, and is clenched on an iron plate 
on the inner plank; L the arm of the knee; M the ship’s timber and side; D 
is an edge-view of the inner plank, as shown at D, Fig. 1. These iron knees 
and water ways are let down upon the beam 3 inches, and also six of the deck 
planks, and bolted through also ; under the beam a plank, 3J inches thick, is 
first brought on, inside the ship, against which the ends of the beam are fixed. 
Tbe horizontal clamp, 10 inches wide and 6 inches thick, is then brought on 
under the edge of the plank, and bolted through the side. On this clamp the 
beam is dovetailed in, one inch down, and bolted through the end of the beam. 
A ship fastened in this way, Mr. Carey says, will render it impossible fbr the 
side to move ; that no wet can possibly get down, and that the ship will thus 
be kept perfectly dry and sound. 

It has been considered by nautical men, that the repeated success of the 
United States frigates over those of the British, during the recent war, was 
chiefly owing to the rapidity with which the former shot away the rigging of the 
British. To provide a better mode of securing the shrouds to advantage, of saving 
the expense of rolling-tackles, besides strengthening tbe yard in the slings and 
quarter. Fig. 3, a and b, on the next page, represent two square iron straps, fitted 
on the mast head, one above the other; they have three hooks on each side of them 
to receive the tops of the shrouds ; those above are placed so as to alternate 
with those below, as shown in Fig. 2, in order to give room for the eyes of the 
shrouds, and to let them come sufficiently close ; a and b show the shrouds fixed 
on the hooks c c. The masts of ships subsequently occupied the attention of 
Lieut.Green, who devised a plan for effecting the above object, which'was deemed 
worthy of an honorary medal from the Society of Arts. The masts of ships, it 
should be observed, are secured in two directions ; longitudinally, by means of 
called stays ; and in a transverse direction, by means of other ropes 
catted shrouds, each of which has a loop in the middle, which is passed 
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over the head of the mast. Each pair of shrouds may therefore he con- 
sidered as forming the sides of an isosceles triangle, of which the apex is the 
mast head; and being in pairs, it necessarily follows, that if one is shot away, 
the opposite shroud becomes nearly useless. Lieut. Green therefore proposed 
that the shrouds should be single, and that each should be terminated at top in 
a strong iron hook, to take hold in an eye fixed in a strap or plate at the mast 
head. 

Another improvement proposed by the same officer is in the method of 
slinging the top-sail-yards, by fi.xing to the yard, where it comes in contact with 
the mast, a hind of clasp or crutch, similar to that at present applied to the main- 
boom ; which, by half embracing the mast, serves to steady the yard, and to 
prevent those violent jerks, by which in blowing weather men are not unfrequently 
thrown from the yards into the sea ; it has the farther top-sail-yard, having chocks 
^ d to embrace the top-mast half round, and thereby prevent the yard swinging 



endways. Fig. 3 shows a bird’s eye view of part of the yard c c, and of chocks 
d d embracipg the mast. Fig. 1, e e, the braces of the top-sail-jmrd ; they are 
fixed at/, pass through the blocks at g g at the yard-arms, then through the 
blocks h h, and are secured at i. 

Under the head EVock has been described the usual mechanical aiTangements 
and process for building and repairing ships. In this place we shall add a very 
ingenious and improved method of bringing up ships upon the ways for the 
operations of the ship builder. A Committee of Inventions appointed in the 

von. II. 4 o 
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year 1827, by the Franklin Institute of Pliiladelpbia, to whom the subject was 
referred, drew up the following report thereon, which seems to have been 
dictated by sound judgment and impartiality. “ The Committe of Inventions, to 
whom have been submitted a model, drawings, and descriptions of the 
‘ Radiating Railways for the repairing of Vessels,’ invented by Edward Clark, 
of New York, civil engineer, report, that they have carefully examined the 
proposed improvement, and consider the plan as offering great facilities, when 
it is desirable to have several vessels under repair upon the ways at the same 
lime. Morton’s patent slip, which is in use in Scotland, is of sufficient length 
to contain two or three vessels ; but it is evident that whichever was the last 
hauled up, must be the first launched; and they must, therefore, be frequently 
repaired in haste, without being allowed that time to dry, which is, in many 
cases, a point of great importance. To obviate this difficulty is the end proposed 
in the plan under consideration. It does not appear, from any thing whicli has 
been presented to the Committee, that Mr. Clark proposes any thing novel in 
the construction of the lower part of the railway, or of the carriage upon which 
the vessel is to be drawn up ; its distinguishing feature being the means 
provided for removing vessels out of the direct line of the main railway, and of 
depositing them upon sub-ways, for the purpose of being repaired. To ac- 
complish this purpose the upper part of the railway, for a length sufficient to 
receive a vessel, is detaclied from the lower part, and is made capable of 
revolving upon a firm horizontal platform, a perpendicular shaft from which 
passes through the upper end of the detached part of the railway. This plat- 
form is the segment of a circle, but it may, if necessary, present a complete 
circle. At the periphery of this segment, the fixed part of the railway terminates, 
and the detached revolving commences ; this is supported upon the platform by 
a sufficient number of strong iron rollers, placed transversely on the lower part 
of the framework of which it is formed. The upright shaft, around which tlie 
detached railway is capable of revolving, is also the shaft of the windlass, by 
which the vessels are to be drawn up ; this detached way may therefore be con- 
sidered as a radius to the circle, of which the platform is a segment. When a 
ship is drawn up and has arrived upon the movable part of the railway, a power 
may be applied to carry this with its load to the requisite distance round the 
circular platform, until it arrives at a sub-way, several of which are erected 
round the platform, forming produced radii to the circle. These are precisely 
similar to the main railway, with the exception of their not being continued to 
the water, but only of such a length as to admit of the carriage with its load 
being lowered, and deposited upon them until the intended repairs are made. 
In the drawing which accompanies this report there are represented six sub-ways, 
and of course upon such a structure seven vessels might be placed at a time. 
The main expense attending the erection of marine railways, is in constructing 
that part which is under water, where nearly the whole of the labour must be 
performed in the diving bell. In the mode proposed by Mr. Clark, one marine 
railway would be sufficient in those parts where many vessels may be required 
to be hauled up ; a considerable number of sub-waj's, with their appurtenances, 
might undoubtedly be provided at an expense far below that which would attend 
the original structure. After maturely considering the subject, the Committee 
are fully' convinced of the practicability of the plan, and also of its economy, in 
those situations where more than a single railway would be desirable. \Vhen 
once constructed, it possesses the advantage of being capable of extension in 
the number of its sub-ways, whenever it may be required.” Annexed are 
engravings from the drawings referred to. Fig. 1 is a bird’s eye view of the 
platform and railways. A, revolving section of the railway, which may at 
pleasure be made to coincide and connect with the radiating or sub-ways B B B, 
or with the main railway C, extending into the water. D is the shaft or pivot 
upon which the section A revolves. Fig. 2 represents the revolving section, 
with its centre, as in Fg. 1, together with the chcular iron railways, upon 
winch the cast-iron rollers are to run. Fg. 3 is an elevation or side view of the 
revolving and permanent railways, supporting a ship’s carriage ; .A being the 
retolvmg section ; B or C, section of the main, or the sub-railway' ; D shaft for 
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communicating to the windlass the power which is generated at the lei ^rs rf ■ 
this shaft is also the pivot around which the section A is made to revolve ’• 
ee e e, &c., are iron rollers connected to and supporting the revolvincr section 
in the circular railways ; G, ship's carriage resting on the inclined railwavs ■ H 
windlass or other inacliinery for elevating vessels ; /, chain by which the carriage 
IS drawn up; it, palls to prevent the carriage from running back; I, friction- 
rollers, flying between the movable and fixed ways, 4, ground view of a 


Fig. 2 . 




ship’s carriage. Fiff. 5 transverse view on a larger scale of a ship’s carriage on 
the railways; a a cuneiform blocks, movable on rollers, in appropriate grooves, 
to prevent lateral motion ; h h, bilge blocks moving on pivots, and resting on 
rollers adapted to a a ; c c, ropes by which the cuneiform or wedge blocks are 
drawn up, and the bilge blocks forced against, and adapted to, the bottoms of 
vessels, branklin Journal, For a variety of information of the constituent 
parts of ships, with their recent ameliorations, see the separate heads, as Masts, 
Rudders, Capstan, Windlass, Blocks, Anchors, Fids, Boats, &c. &c. 

SHINGLES, in Building, small boards, nearly resembling, in shape and 
size, the staves of a common pail, but tapering regularly thinner and tliinner 
from the broad to tl»e narrow end. They were formerly used instead of tiles, 
for the covering of roofs, and are well adapted to those that aie of a high 
pitch, but not so well for the modem low roofs. The steeples of many of our 
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country clmrclies are covered with shingles. The method of covering a building 
with shingles is extremely simple ; at equal distances from the thin end there 
are inserted two stout wooden pegs, projecting on the inner side atout two 
inches : by these pegs the shingles hang on pantile laths nailed horizontally 
across the ratters, and at such distances, as to allow each row of shingles to lap 
over the next lower row by about half the length of a shingle. Sometimes, 
however, the roof is previously covered with boards, on which the shingles are 
nailed ; but this method has the disadvantage of being far too expensive for 
common practice, especially in a country like ours, where oak is by no means 
plentiful, and what we have is wanted for purposes of greater national import- 
ance. 

SHOAD. A term given by miners to stones containing ore mixed with rub- 
bish in a loose soil, and sometimes near the surface. When deep, the miners 
consider it as indicating that some vein is at no great distance. 

SHOAR. A prop or stanchion fixed for support against a wall, or other 
good abutment ; or under a ship’s sides or bottoms, to support her when laid 
aground, or on the stocks, &c. 

SHORE.. An artificial drain. See Sewer. 

SHOT. A missive weapon discharged by the force of United powder from 
a fire-arm in warfare ; of these there are various kinds, as round shot, or bul- 
lets, a ball or sphere of iron whose weight is in proportion to the bore of the 
cannon. Double-headed, or bar-shot, are formed of a bar of iron with a ball 
at each end, which fits the muzzle of the cannon. The middle is sometimes 
filled with composition, and the whole covered with linen dipped in brimstone ; 
so that the cannon, in firing, it is said, thus inflames the combustibles or com- 
position, which sets fire to the sails of the enemy. One of the heads of this ball 
has a hole to receive a fusee, which, communicating with the charge of the 
cannon, sets fire to the bullet. 

Chain shot consist of two balls chained together, being principally designed 
to annoy the enemy by cutting her sails, rigging, &c. Grape shot is a combi- 
nation of balls strongly corded in canvass upon an iron bottom, so as to form a 
cylindrical figure, whose diameter is equal to that of a ball which is adapted 
to the cannon. Case shot, or cannister shot, are composed of a great number 
of small bullets, put into a cylindrical tin box. They are principally used when 
very near, to clear the decks of the enemy. Besides these, there are others of 
a more pbrhicious kind, such as langrage shot, star shot, fire arrows, &c., 
employed also when not at a great distance from the enemy. 

Cannon shot that are cast in moulds, usually possess, in a greater or less 
degree, the three following defects : — first, being imperfect in their spherical 
figures, which is owing to the expansion and alteration of form made in the 
moulds, from frequently heating them ; second, containing air cavities, pwing 
to the air being caught in the moulds when the fluid metal runs in too quickly 
for it to escape ; third, their having usually an indentation where the metal is 
poured in. To obviate these defects, Mr. Boothby, of Chesterfield Iron Works, 
manufactures his cannon balls in the foUowing manner, for which he has taken 
out a patent. A solid ball of hard wood or metal is turned to a true sphere 
(according to the size or weight of shot required), and then cut in halves. 
These halves are moulded in sand boxes, in the usual manner of other castings, 
taking care that the sand be well ranamed ; then taken out, and the hollow 
moulds thinly coated with powdered charcoal mixed with water. The boxes 
containing the moulds are next dried in the stove, preparatory to receiving the 
fluid metaL The shot thus cast are said to be perfectly sound and spherical, 
owing to the air escaping through the sand, and the mould being unaltered in 
its figure by heating- 

SHOVEL. A scooping-up instrument, for taking up and removing a quantity 
of loose substances together, such as coals, corn, sand, cinders, money, &c.; 
their construction is necessarily very varied, to adapt them to their particular 
objects. 

SHROUDS. A range of large ropes, extended from the mast heads to the 
right and left sides of a ship, to support the masts, and enable them to carry 
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sail. The shrouds, as well as the sails, &c., are denominated from the masts to 
which they belong ; thus there are the main, fore, and mizzen shrouds ; the 
main top-mast, fore top-mast, and mizzen top-mast shrouds; and the main 
top-gallant, fore top-gallant, and mizzen top-gallant shrouds. See Ship. 

SHUTTLE. The instrument employed in weaving, by which the crossing 
of the threads is mainly effected. See Weaving. 

SICKLE. An instrument of almost universal use in agriculture, for cutting 
down corn. It is simply a curved blade or hook of steel, with the edge, in the 
interior of the curve, serrated, so as to make a cut like a saw. The subjoined 
engraving, which represents the native instrument used by the Singalese, shows 



Fig. 1. 


that the sickles employed by the semi-barbarous nations of the East differ in 
no essential respect from those used in this country (though they are generally 
more curved) ; and likewise, that our manufacturers might find a market in 
Ceylon and neighbouring India for their superior productions of this kind. 

SIEVE. An instrument for separating the smaller particles of substances 
from the grosser ; they are made of various forms and sizes, to suit the article 
to be sifted. In its most usual form it consists of a hoop, from 2 to 6 inches in 
depth, forming a flat cylinder, and having its bottom constituted of coarse or 
fine hair, canvass, muslin, lawn, net-work, or wire, stretched tightly over 
according to the use intended. “ ^ ’ 

There is a kind of sieve in extensive use amongst druggists, drysalters and 
confectioners, termed a drum-sieve, owing to its form, and is used for sifting 
very fine powders. It consists of three parts or sections ; the top and bottom 
sections of which are covered with parchment or leather, and fit over and under 
a sieve of the usual form, which is placed between them. Being thus closed 
in, the operator is not annoyed by the clouds of powder 
which would otherwise be produced by the agitation, and 
the material under operation is thus saved from waste. 

The sifting process is, however, extremely slow and labo- 
rious. To obviate these defect.s, the editor, some years 
ago, devised another form to the apparatus, which is much 
less expensive in construction, and far more durable and 
effective. Annexed is a description. Fig. 1 represents a 
hollow cylinder, the exterior of which is formed of fine 
muslin or lawn ; two wooden sheaves or discs D D, grooved 
at their edges, and about six or seven inches in diameter, 

^e fitted to a central spindle, the extremities of which turn 
in bearings made on the opposite edges of a stout box, 
which is shown opened in Fig. 2 (on the following page) ; 
the lid being the same dimensions exactly as the other part’ 
so that they may both lie flat and equally supported when 
open ; one extremity of the axis is provided with a cross 
handle E, by which the cylinder is agitated by a backward 
and forward Ami-rotative motion ; the cross also serving 
as a foot or stand for the cylinder, as shown in Fig. 1, 

To form the cylindrical cage, two or three stout rings of 
wire C C are made of the same size as the discs, to which 
they are connected by annealed wire, running longitudinally 
from end to end of the cylinder, where the annealed wire is 
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turned round the lieads of screws, and thus returned from end to end alter- 
nately, until the cage or skeleton is completely formed, which is now ready to 
receive the required covering of lawn or muslin. This is of course prepared as 
a bag, with a close longitudinal seam, but open at each end, and of duneusions 
exactly corresponding with those of the cylinder, so that the covering may be 
stretched out smoothly, in drawing it over the cylinder. The next point is to 
fasten it down, which is done by drawing cords with slip knots over the ends, 



in such manner that the cords enter the grooves of the discs ; thus, by tying 
down the two outside cords first, and the inner ones afterwards, it is very easily 
made “ as tight as a drum.” The pulverised matter to be sifted is then put into 
the cylinder by means of a funnel ii, which is afterwards removed, and the hole 
stopped by a bung G. The cylinder is next placed in the box, as seen in 
Fig. 2, and the lid being shut down, the handle is worked by the semi-rotative 
motion before noticed, which throws continually the whole contents of the 
cylinder over its entire circumference, and separates the fine powder from the 
grosser particles with a rapidity which will surprise the operator, the effect being 
so much more considerable than by the usual apparatus. When one batch in 
the cylinder is sifted, the gross matter is emptied out by withdrawing the bung, 
and giving the cylinder a shake, with the handle upwards ; the cylinder being 
charged again, the sifting is renewed in like manner, and continued as' long as 
desired. This machine, as well as the mode of operating by it, will be found 
highly convenient and useful. 

SILEX, silica, silicium, or silicious earth, is one of the most abundant sub- 
stances in nature, constituting the entire mass of many mountains, and probably 
of a large portion of the globe itself. It is the chief component of sand, sand- 
stone, ffinfj granite, quartz, porphyry, rock-crystal, agate, and many precious 
stones ; it is the chief substance of which glass is made ; also an ingredient, in a 
pulverised state, in the manufacture of “stoneware,” and it is essential in the 
preparation of tenacious mortar. Silex, when pure, is a fine powder, hard, 
insipid, and inodorous ; rough to the touch, scratches and wears away glass. It 
does not form an adhesive mass with water, but falls to the bottom, leaving the 
water clear : however, if the silex be very minutely powdered, a small portion of 
it will be dissolved by the water. Silex may be obtained in a pure state by 
igniting powdered quartz with three parts of pure potash in a silver crucible and 
adding to the solution a quantity of acid sufficient to saturate the alkali • then by 
evaporating to dryness, there will remain a gritty powder, which, when washed 
with water, will be pure silex. 

SILK. A very soft, fine, bright thread, the production of different species 
of caterpillars ; but the bombyx mori, or silk-worm, is chiefly cultivated for this 
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purpose ; it is a native of China, and the culture of silk, in ancient times, was 
entirel}' confined to that country, where, we are told, that the empresses, sur- 
rounded by thfii women, employed their leisure hours in the rearing of silk, and 
in the weaving of silk tissues and veils. From China this valuable commodity was 
first conve) ed into Persia ; after the conquest of that empire by Alexander the 
Great it was brought into Greece ; from tlience it was carried to Rome, where, 
as we are informed by several historians, it was deemed of such value, as to be 
commonly sold for its weight in gold. For several centuries, the Persians sup- 
plied the Roman empire with the silk which was brought over-land from China, 
bv means of caravans traversing the vast continent of Asia in 243 daj s. Not- 
withstanding an immense trade in silk, which was for a series of ages carried 
on between the Roman and Persian entpires, the knowledge of the silk-n orm, 
or the manner in which silk was produced, remained an important secret with 
the eastern nations, and was entirely unknown in Europe until the reign of 
Justinian. At this time, two Persian monks, who were employed as missionaries 
in some of the Christian churches in India, penetrated into the country of the 
Seres, or China, where they observed the labours of the silk-worm, and became 
acquainted with the art of working its productions into a variety of elegant 
fabrics. Having returned to Constantinople, they e.vplaiued to the emperor the 
important discoveries they had made. Encouraged by his liberal promises, they 
undeitookto procure a sufficient number of these wonderful insects, to establish 
the manufacture in his capital ; which they accomplished by conveying a quan- 
tity of the eggs in the hollow of a cane. Vast numbers of silk-worms were soon 
after reared in different parts of Greece, and the raw silk obtained was wrought 
into manufactures at Athens, Thebes, Corinth, and other places; and the breed- 
ing of the silk-worms was rapidly extended to Italy and Sicily, with equal 
success. Extensive manufactures were established in many of the towns of 
these kingdoms, with the silk of their own production ; and the demand for the 
eastern silk diminishing in consequence, produced a great change in the com- 
mercial intercourse between India and Europe. 

The natural history of the silk-worm forms a subject highly interesting and 
curious; but the extraordinary changes which the animal undergoes, as well as 
its manner of spinning its ball or cocoon, having probably f^en under the 
actual observation of most of our readers, we shall pass over this part of our 
subject, and proceed to the btisiness of winding, throwing, and weaving. 

In those countries where silk forms an important article of commerce, the 
cnltitators, or those who rear the insects, do not wind off the silk themselves, 
but sell them to others, who make the operation of reeling a distinct business. 
The single filament, or thread of silk, as produced by the worm, is of such 
extreme tenuity as to be totally unfit for the purposes of the manufacturer. 
Thei efore, in winding it off, several of the cocoons are immersed in warm water, 
to soften the gum with which the silk is naturally connected ; their several ends 
are then joined and reeled off together ; and, by the adhesiveness of the gum, 
are thus formed into one smooth even thread. When the thread of any cocoon 
breaks, or comes to an end, its place is supplied by a new one, which is simply 
laid on the main thread, to which it adheres by its gum ; and, owing to its 
extreme fineness, it does not occasion the least perceptible unevenness in the 
place where it is united. In this manner of joining the separate filaments, a 
thread may be made of ary length. 

The apparatus fur reeling consists merely of an open kettle of water, under 
which is a fire to keep it warm ; and the reel is of the common construction. 
However simple the operation, great care and attention are necessary in reeling, 
to preserv'e the thread of an equal thickness, and of a round form, and that 
the several rounds upon the reel should not get glued together. When the 
skein is quite •dry, it is taken off the reel, and being made up into hanks, it 
forms the article called, in commerce, raw silk, of which such vast quantities 
are annually imported into this country from Bengal, China, Italy, and 
Turkey. • 

In preparing raw silk for dying, the thread is slightly twisted, in order to 
enable it to bear the action of the hot liquor without the fibres separating or 
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furring up. The silk yarn employed by the weavers for the woof or weft of the 
stuffs which they fabricate, is composed of two or more threads of the raw silk 
slightly twisted by the aid of machinery; and the thread employed by the 
stocking weaver is of the same kind, but composed of a number of threads 
corresponding with the strength or quality of the work he is executing. 

The first operation it undergoes is winding; that is, drawing it off from the 
skeins in which it is imported, and winding it upon wooden bobbins, from 
whence it is taken off for subsequent operations. In the ordinary method of 
winding off silk, the reel or swift, upon which the skein is placed, is made to 
revolve by the pulling of the thread, as it is drawn off and wound upon the 
bobbin. The great delicacy of the filaments of silk often, however, render tins 
operation difficult, owing to the breaking of the threads ; in the winding of 
Turkish silk, in particular, the process is, from the circumstance just mentioned, 
extremely tedious, as the thread breaks at almost every turn of the reel ; this is 
owing to the great size of the Turkish skeins, which frequently exceed twenty- 
four feet in circumference ; thus requiring a reel of equal dimensions, that has 
to be turned round by a single thread ; and this thread, being of an uneven 
thickness, frequently gets entangled in the skein, and unavoidably breaks. To 
obviate so great an inconvenience and detriment to the material (by an 
infinity of knots in the thread,) the attention of Mr. H. R. Fanshaw was 
directed, and by means the most simple and ingenious, he accomplished his 
object in the most happy and perfect manner ; this invention, for which he took 
out a patent in 1827, we shall here describe. 

Instead of the reel being turned round by the filament, it remains stationary, 
but is suspended loosely upon its axis ; a light arm or flyer is then made to 
revolve around the external circumference of the reel, which lifts out the thread 
from the skein more smoothly and delicately than it could be performed by the 
finger, conducts it to the centre of motion, and from thence to the bobbin on 
which it is wound. By this contrivance the thread requires but little more 
strength than is sufficient to sustain itself, instead of having to drag round a 
great machine ; and it follows that a much finer thread may be wound off by 
such apparatus than by those of the common construction. Our limits do not 
at present permit us to give all the details of this machinery ; we shall therefore 
confine ourselves chiefly to explaining the principal or most important parts, as 
represented by the annexed diagram. Fig. 1 gives a side elevation, and Fig. 2 
a front elevation of a portion of Fig. 1 ; the same letters in each referring to 
similar parts, a i is a frame, containing a swift, &c. of which there may be 
conceived to be a hundred or more in a row, one behind the other, as viewed in 
Fig. 1, all turned by the same shaft; the diameter of the swift may be 
considered as eight feet for Turkey silk, but the arms c c are made to elongate 
or shorten by the slides shown in the middle, so that the swift may be ekpanded 
or contracted at pleasure to suit the size of the skein ; each of these radiating 
arms is fixed into a central block or nave d; through this nave a spindle passes, 
on which the swift loosely rests, as best seen in Fig. 2 ; e is a pulley, which 
revolves on the same spindle, and receives its motion by an endless band from 
another pulley at o. To the pulley e is affixed the revoWng arm f, which is 
furnished at its extremity with a bent wire, coiled up into two spiral eyes ; 
through that at g the filament of silk 1 1 passes as it is lifted by it out of the 
skein h ; from g it pMses through the eye i ; firom hence it is drawn through 
another eye i, to the central eye k, {lig. 2,) and through the lashmentioned on 
to a bobbin fixed on the same shaft as the pulley o. The situation of the eye k 
opposite the centre of the axis of the swift, it will be observed, is indispensable 
to the winding off the thread ; it is fixed to the end of a movable rod which 
has a joint at /, that permits it at pleasure to be drawn forward beyond the 
range <rf the swift, for the girl in attendance to repair the thread should it be 
broken. The latter circumstance, however, rarely occurs, by these improved 
arrangements, and the trembling motion of the bent wire at the extremity of 
the revolving flyer greatly assists in relieving the silk from entanglement. 

The revolving flyer is the principal feature in Mr. Fanshaw’s macliine, and 
is in itself a very beautiful and no less useful invention ; there are many subor- 




After silk has been reeled and wound, the next operations are tpmmng and 
throwing, which may be performed separately, or at the same time. The art of 
throwing silk was first introduced into this country in 1719, hy Mr. John 
Lombe, who, with considerable ingenuity, and at the risk of his life, succeeded 
in taking a plan of a throwing machine in Sardinia, and, on his return, 
established a mill at Derby for conducting that operation, which had, p^lor to 
the above date, been kept a profound secret by the foreign manufacturers. From 
the great expense incurred in establishing the mills at Derby, application was 
made to Parliament to extend the term of the patent granted to Mr. Lombe, 
hut the Legislature wisely granted him the sum of 14,0001., in lieu of the exten- 
sion of the patent right, and upon condition that he deposited in the Tower of 
London a complete working model of the machine, where it now remains. 
Since that period many improvements have been successively made, but amongst 
the complete and efficient, we are informed, are those introduced by Mr. Fan- 
shaw, and patented by him a short time prior to the winding machinery already 
described. To avoid that confusion which would be created by the representa- 
tion of the vast multiplication of pulleys, wheels, bobbins, flyers, &c., which a 
throwing-mill embraces, we shall confine our description to the acting parts of 
a single operation, leaving the reader to imagine an extensive series of them. 
The engravings on the following page are explanatory of these improved 
arrangements. Fig. 1 is an end view of the throwing machine ; A A is the top 
of the frame ; B thg bobbin ; C the top spindle ; D the board which supports 
the spindle ; E the pulley which gives motion to the set of spindles ; F is the 
flyer to the top spindle ; G the lever, which throws the pulley in and out of 
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ear ; H the lever pin or centre, in which it works ; I the flyer of the bottom 
pindles J ; K is a fluted roller, which propels the drawing roller L, and gives 
out the thread to be thrown by the spindle C. The silk, after being wound on 
the bobbins P, is twisted by the revolving spindles J, which are driven by the 
band M ; the threads gg pass separately through the eyes v, and are united at 
t, go over the glass rod «, round the roller L, through the eye k, and are then 





® Fig, 1. 





received upon the bobbin B, the twist being effected by the revolving fintn/Ho r 
which is driven by the band F. Fig. 2 is a bird’s-eye view of the machine • the 
same letters referring to similar parts ; R is a beveled tooth-wheel (not shown 
in Fig. 1) which drives the shaft Q, and gives motion to th^ rollers K ■ and at the 
other end by the bevel gear N, which is connected by a rod to the motion board 
that draws the bobbm backward and forward, to spread the thread uniformly over 
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its surface. Fig. 3 is a front view of the machine for making three-thread organ- 
zineor sewings, the parts having been already described above, except the bobbins 
o o, which are shown in dotted lines, and are to be used in case tram is required 
to be made, instead of organzine. T is a catch to retain the lever G (Fig. 1) 
in its place when the hobbins are thrown in or out of gear. Fig. 5 represents 
the end of the bobbin b, which is kept in its place by the small lever w, which 
lever is fastened on to the motion board s. Fig. 6 is a sectional view of Fig. S. 
Fig. 7 is the spindle J, as seen in Figs. 1 .and 3, I being a fixed flyer. Fig. 8 is 
a view of the opposite side of the pulley K, to that shown in Fig. 1. Fig. 9 is 
an edge view of the pulley E and lever G, as described in Fig. 1. 

The advantages of this machine are said to be, 1st, The throwing of organzine 
by one process, instead of the three separate processes, as at present practised ; 
the spinning by one machine, doubling the threads by another, and throwing 
by a third. 2dly. In the very great increase of speed which can be obtained. 
3dly, In the easy manner in which the machine can be altered to singles, tram, 
organzine, sewings, or any other description of silk. 4thly. In the saving of 
labour, from the great quantity of spindles that can be attended to by one 
hand. Sthly. In the little experience required to enable “ a hand ” to attend 
the work, thereby obviating the greatest expense in throwing “ mill hands.’’ 

The construction of machinery of the kind, or rather for the purposes we 
have been describing, vary considerably; but the following qualifications are 
essentially requisite in effecting the operation : — The silk must be made to pass 
off easily, and without entangling from the delivery bobbins ; a slight and equal 
degree of tension must be applied to each of the component threads, that the 
compound thread may be made smooth and even ; and next, which is very 
important, that the receiving bobbin shall instantly cease to revolve, if any one 
of the component threads should happen to break, which often occurs ; for 
without such a contrivance the thread produced would be very imperfect, and 
of a variable thickness. These necessary qualifications were combined in an 
eminent degree by the improvements introduced into the tramming engine by 
Mr. W. V. Shenton, of Winchester, a model of which that gentleman presented 
to the Society of Arts in 1823, for which, and a description thereof, the Society 
awarded him their silver Vulcan medal. 

In the annexed cut. Fig. 1 exhibits a bird’s-eye view of a portion of the 
machinery, which may be continued to any extent : a a are the axes which give 
motion to the receiving bobbins ff, by means of the wooden rollers dd; these 
are made of any required length to suit a continued series of succeeding bob- 
bins, with a roller under each ; the wooden axis which carries the receiving 
bobbin has a leaden roller e fixed in it, which receives motion by mere contact, 
on account of its weight. Two pins are fixed on the leaden roller to form a stop 
to its revolution by means of the catch n, when a thread happens to break ; as 
the receiving bobbin revolves, it draws the threads from two, three, or four bob- 
bins g gg g, as previously determined ; and in order to lessen the friction of 
these bobbins, which are fitted on wooden pins unit, the pins are perforated, 
and ride upon a wire v, and the bottoms of these pins, as well as the loops which 
hold the wires, are rounded, leaving just friction enough to keep the threads 
extended : they are shown separate in Fig. 2. Now, should any one of these 
threads break, it is requisite that the receiving bobbin should immediately stop ; 
for this purpose a crank wire m, with a catch n, and a fixed crank o, is placed 
near each roller; over this fixed crank o are placed four light dropjwires, k h, 
which swing freely, and have eyes to hang on the threads, which are their only 
support ; now, should either of the threads break, the drop wire k, whicl) hung 
on it, would fall in the crank o, and cause the wire m to revolve, and bring the 
catch n forwards from its position, which would lay hold of the pin of the leaden 
roller e, and* stop it immediately ; then, as soon as the thread is mended, the 
thumb is laid on the tails w of the drop wires, to bring up the fallen one ; the 
thread is then put in the eye, and the catch is withdrawn by turning back the 
end m of the crank wire, and the work goes on again. There are tw'o spare 
notches, x x, to every bobbin, to lay them in while joining the thread, that it 
may be out of gear, and move freely till set right by hand. The silk threads. 
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ou leaving the bobbins gg gg, pass freely over a glass rod i, Md through the 
eyes of the drop wires, and are then gathered together in passing through the 
eye of the guide wire b- In order to distribute equally over the bobbins the 
silk threads thus gathered together, an alternating motion is given to the sUding 
bar c c, v/hich carries the guide wires I by means of a pin r, workmg in an 
oblique or spiral groove in the blocic J, on the axis a, and the obliquity of this 
groove corresponds with the length the silk is to be distributed on the bob- 
bins, causing the sliding bar to reciprocate that length every turn of the wooden 



roller, or every four turns of the bobbin ; the bobbin rollers being one-fourth 
the size of the wooden rollers d d. The bars hhh, which support the supplying 
bobbins, are so placed as to make the bobbins stand at right angles with the 
thread, when it passes from their middle to the glass rod. It is best to make 
the four eyes of the drop wires lie parallel to the glass rdd, which causes their 
vibrations on the threads to be more equal, q q are two sliding wires : it will be 
seen that where four threads are tramming, the sliding wire q is drawn back • 
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but where three threads are tramming, it is pushed in to support the drop wire 
out of use, and prevent it acting on the crank wire. See Weaving. 

SILVER, is the whitest of metals, and next to gold the most malleable and 
ductile. Under the hammer, the continuity of its parts is not destroyed until 
its leaves are not more than the one hundred and sixty thousandth part of an 
inch thick ; in this state it does not transmit light. Its specific gravity is 10.474. 
It continues melted at 28o of Wedgewood, but a greater heat is requisite 
to bring it into fusion. Its tenacity is such, that a wire of one-tenth of an inch 
in diameter will sustain a weight of 2701bs. without breaking. Silver has 
neither smell nor taste ; these properties, together with its hrilliant whiteness, 
hardness, and tenacity, eminently adapt it to the uses of the table ; and when 
to these qualities is added its intrinsic value, its advantages as coin become 
obvious. Silver is not sensibly altered by the contact of air, unless containing 
sulphurous vapours : it may be volatilized by an intense heat, and Lavoisier 
oxidised it by the blow-pipe and oxygen gas. By exposing silver twenty times 
successively to the heat of a porcelain furnace, Macquer is said to have 
converted it into a green-coloured glass. Although silver is found in almost aU 
countries that contain mines, the greatest quantities are obtained from the 
mines of Mexico and Peru. The celebrated mine of Potosi, situated near the 
source of the Rio de la Plata, is one of the most considerable mountains of 
Peru, and this mountain is described by travellers as filled with veins of silver 
from the top to the bottom. Silver is often found native, in ramifications, 
consisting of octahedrons inserted into each other ; also in small intertwined 
threads, and in masses ; hut it is most commonly found in combination with 
sulphur. Silver forms alloys with most of the metals. Copper is the metal 
with which it is alloyed for the purpose of coinage. The British coinage 
contains 11 ounces 2 dwts of fine silver in the pound troy; the copper stiffens 
the silver, increases its elasticit}', but renders it less ductile. The alloy of silver 
and zinc is granulated on its surface and veiy brittle. Tin also, in the smallest 
quantities, deprives silver of its malleability. Alloyed with lead, silver ceases to 
be sonorous and elastic. Fine filings of silver, triturated with mercury in a 
warm mortar, form an amalgam, which by flision and slow cooling affords tetra- 
hedral prismatic crystals, terminated by pyramids of the same form. The 
mercury cannot be separated from the silver, except by a much stronger heat 
than would be required to volatilize it alone. 

Sulphuric acid, if concentrated and boiling, will dissolve silver in a state of 
minute division. The nitric acid, a little diluted, has a powerful action upon 
silver, of which it will dissolve half its weight. The solution is at first blue ; 
this colour disappears when the silver is pure, but becomes green if it contains 
copper. If the silver contains gold, this metal separates in blackish-coloured 
flocks.. The solution is extremely corrosive, and destructive to animal sub- 
stances. When the acid is fully saturated, it deposits crystals as it cools, and 
also by evaporation. These crystals are called hmar nitre, or nitrate of silver. 
By fusion, for which a gentle heat is sufficient, their water of crystallization is 
driven off, and also a part of the acid, by which they become a subnitrate ; 
this forms the lapis inf emails, or lunar caustic of the surgeons ; it is of a black 
colour, and usually cast in the form of small sticks. A heat but little above what 
is necessary for fusing the nitrate, separates the whole of the acid, and the 
silver is revived. Lunar caustic should be made of silver entirely free from 
copper, as the copper is poisonous to wounds. The cauticity of this and all 
other mineral solutions, is attributed to the strong propensity of the metal to 
assume the metallic state; in consequence of which, it readily parts with its 
oxygen to substances it is in contact with, and therefore such substances as are 
capable of receiving the oxygen, virtually undergo combustion. A solution 
of nitrate ofi silver in water is perfectly free from colour ; but it stains the skin, 
and all animal and vegetable substances, an indelible black. It is employed in 
a weak state to dye the human hair, and when mixed with a little gum-water, 
forms a permanent mnk for marking linen. It is also employed for staining 
marbles and other stones. Nitrate of silver is a most powerful antiseptic ; a 
1 2,0l)0th part of it, dissolved in water, will render the water incapable of putrefac- 
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tion, and it may be separated at any time by adding some common salt. Silver is 
precipitated from its solution in nitric acid by muriatic acid, in the form of a white 
curd, which, when fused, forms a semi-transparent, and rather flexible mass, re- 
sembling bom ; it was therefore anciently called luna cornia, or horn silver, and is 
supposed to have given rise to some of the accounts we have of flexible glass ; it is 
a muriate of silver, soon blackens in the air, and is scarcely soluble in water. The 
muriatic acid does not dissolve silver, but has a strong affinity for its oxide ; and as 
the muriate of silver is not very soluble in water, the nitrate of silver is employed 
as a re-agent, to discover the presence of muriatic acid in any liquid ; for if it 
contain that acid, muriate of silver will fall down in a cloud, on dropping nitrate 
of silver into it. The nitric acid sold in the shops generally contains muriatic 
or sulphuric acid, or both ; hence the nitrate of silver is employed to free the 
nitric acid from the two latter acids. For this purpose, nitrate of silver is 
poured into it by degrees, until no more precipitate is produced; after which 
it is rendered clear by filtering. Nitric acid, thus purified, is called by artists 
precipitated aqua-fortis; but it still contains some silver, from which it cannot 
be freed, except by distillation. When mercury is added to the nitric solution 
of silver, a precipitation of the silver is formed, which, from its resemblance to 
vegetation, is called arhor Hianee, or tree of Diana. A few drops of nitrate of 
silver, laid upon glass, with a copper wire in it, afford another beautiful preci- 
pitation of the silver, in the form of a plant. Silver supplies a fulminating 
powder, incomparably more energetic than any other ; the nitric solution of 
fine silver is precipitated by lime-water ; the water is decanted, and the oxide 
is exposed for two or three days to light and air. This dried oxide, being mixed 
with ammonia, or volatile alkali, assumes the form of a black powder; decant 
the fluid, and leave the powder to dry in the open air, this powder is the ful- 
minating silver, which, after having been once made, can no longer be touched, 
as the slightest agitation causes it to detonate; it must therefore be left in the 
vessel in which the evaporation was performed ; it should never be made but in 
minute quantities, and not more than the fulmination of a grain should be 
attempted at once. 

A fulminating silver, differing materially from the foregoing, is frequently 
sold in the shops, as an object of amusement. It is enclosed between the folds 
of a card cut in two lengthwise, the powder being placed at one end, and the 
other being notched, that it may be distinguished ; if it be taken by the notched 
end, and the other be held over the flame of a candle, it detonates with a loud 
report and a violent flame. This compound is formed in the following manner ; 
but from tbe caution which is requisite in its manufacture, to prevent the serious 
effects of explosions, none hut skilful and experienced chemists should attempt its 
manufacture. Into a pint tumbler or other glass vessel are introduced 100 grains 
of dry nitrate of silver, over which are poured one ounce of alcohol, and the 
same quantity of smoking nitric acid. The mixture of the alcohol and nitric 
acid occasions much heat and effervescence in the liquid : if this is so violent as 
to overflow the vessel, cold alcohol is added, in small portions, to abate the 
ebullition. In a few minutes the liquor becomes turbid, and a verj' heavy, white 
crystalline powder falls down, which is separated by the filter, and thoroughly 
w.Tshed with tepid water. Before being fully dry, it should be separated into 
parcels of ten or twenty grains, which portions, when thoroughly dried at a 
distance from the fire, present the following properties : the substance is white 
and crystalline ; the light changes its colour to a dark brown. When heated it 
explodes with great violence; it explodes also by percussion and friction and 
the contact of sulphuric acid ; likewise in dry chlorine gas it detonates with a 
loud report. 

The name of separation is given to a new process for the extraction of silver 
from lead, invented by Mr. II. L. Pattinson, of Newcastle-upoii-Tyne and 
patented by him in the year 18,33. It depends upon the very citrious fact dis- 
covered by Mr. Pattinson, that when lead, containing a jiortion of silver, is 
melted in a suitable vessel, and very slowly cooled, with constant stirrino- at a 
certain teranerature, small particles or crystals of solid lead begin to form in 
the mass of liquid lead, which, being heavier than the liquid lead, sink to the 



SILVERING. 071 

bottom of the vessel, and may be removed by means of a perforated iron ladle. 
The particles or crj'stals thus separated, have the appearance of a very brilliant, 
coarse-grained metallic powder ; and, on examination, are found to contain a 
much smaller proportion of silver than tbe original lead. Mr. Pattinson also 
discovered the converse of thi.s, that, when solid lead, containing silver, is 
slowly and carefully heated under favourable circumstances (as in the chamber 
of a reverberatory furnace, supported on bars of iron at a distance from the 
brick- W'ork on all sides) at a certain temperature, drops of melted lead begin to 
separate from it, which, on examination, are found to contain more silver than 
the original lead. These principles are applied in the following manner to the 
extraction of silver from lead, as detailed in the specification of the patent 
alluded to. 

“ I melt a quantity of lead in an iron pot, and, after skimming off the impu- 
rities, I allow it to cool slowly, taking care to break off and mix with the fluid 
mass from time to time, the parts that may congeal on the sides of the pot ; 
when the temperature has become sufficiently reduced, small solid particles of 
lead, resembling crystals, begin to appear on the surface, and in the mass of 
melted metal ; which solid particles, or crystals, as they continue to form, sink 
down to the bottom of the pan, and, in a little time, are found in considerable 
quantity. I then take an iron ladle, perforated with a number of holes, with 
which I remove these small particles or crystals of solid lead, allowing the fluid 
portion to drain out from among them into the pan. I then place the crystals 
(either in the ladle used to remove them from the pan, or in another suitable per- 
forated vessel) in the chamber of a reverberatory furnace, which is made for the 
purpose unusually large ; and, in this chamber, when heated to a proper tempera- 
ture, I drain or melt out from among the small solid particles or crystals, a further 
quantity of fluid lead, leaving the residual lead in the ladle, or other vessel, 
almost entirely deprived of its silver; after which, this residual lead is with- 
drawn from the Airnace, melted in another pot, and cast into pieces for sale. 
The lead which drains out from among the crystals in the reverberatory fur- 
nace, is, from time to time, added to the lead in the pan whence tbe crystals 
are taken ; and in this way I proceed until the original lead submitted to the 
operation is reduced to about one-third, which, containing nearly the whole of 
the silver held by the original lead, is afterwards refined in the usual way.” 

We are informed, that in practice it is found better to confine tbe process to 
mere cr)’Stallij!ation of the lead, without draining it in the manner described 
above. The poor lead obtained by the first crj^stallization is melted and crystal- 
lized a second time ; and, if necessary, this poor lead is crystallized a third 
time, or until it is almost entirely deprived of its silver. The number of crystalli- 
zations necessary’, depends upon the amount of silver held by the original lead ; 
but by two or three crystallizations, lead, containing ten or twelve ounces of 
silver per ton, can be separated into one part rich lead, and four or five parts 
poor lead ; the latter holding no more than four to six pennyweights of silver 
per ton. This process is now in extensive operation in the various lead dis- 
tricts of the kingdom. 

SILVERING. The art or act of covering certain substances; as metal, 
wood, paper, leather, parchment, &c. with silver, so as to give them the appear- 
ance of that metal. Silver leaf is laid on much in the same way as gold leaf, 
for which see Gilding. 

The method of silvering copper is as follows: take of tartar and common salt, 
each two drachms, half a drachm of alum, fifteen or twenty grains of silver, pre- 
cipitated from nitric acid by copper ; mix these well together, and with the 
mixture rub the surface of the copper, and it will have the appearance of silver; 
after the loose powder is brushed off, the surface may be polished with a piece 
of leather. Pins are silvered by boiling them w’ith tin-filmgs and tartar. The 
buckles, studs, plates, &c. of harness are silvered by the following cheap and 
easy process: take half an ounce of silver that has been precipitated from 
aqua-fortis by copper ; n^uriate of ammonia and common salt, of each two ounces, 
and one drachm of corrosive murinte of mercury ; triturate these together, and 
form them into a paste with water. After boiling the substances to be silvered 
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■with tartar and alum, they are to be rubbed with the above preparation, then to 
be made red hot, and afterwards polished. This silvering may be efibcted by 
using the argentine precipitate above mentioned, with borax and mercury, and 
causing it to adhere by fusion. To silver the dial-plates of clocks, the scales of 
barometers, thermometers, &c., and all other metallic plates of similar descrip- 
tion, rub upon them a mixture of muriate of silver, tartar, and sea-salt, and 
afterwards wash off the saline matter with water. This silvering is not durable, 
but it may be improved by heating the article, and repeating the operation once 
or oftener, if it be thought necessary'. The following amalgam is used for 
silvering the Interior surface of hollow glass globes : fuse together two parts by 
weight of bismuth, one part of lead, and one of pure tin ; when this is nearly 
cold, add four parts of mercury, and fuse the whole over a gentle heat The 
glass globe being thoroughly clean, introduce into it a paper funnel, which 
reaches to the bottom, and pour in the liquid amalgam. At a proper tempe- 
rature it will adhere to the glass, which, by being turned and shaken, will thus 
have its interior surface completely covered, and any remainder of the amalgam 
may be poured out when the operation is completed. 

SIZE. A kind of weak glue, used in many trades ; it is made of the shreds 
and parings of leather, parchment, or vellum, boiled in water, and strained. 
Common size is made of leather, boiled in water till it becomes of a viscid con- 
sistence. If it is wanted in painting for nicer purposes, it should he prepared 
by taking any quantity of the shreds or cuttings of glovers' leather, and putting 
to each pound a gallon of water ; let these be boiled for six or eight hours, 
supplying water, so that it may not diminish to less than two quarts ; then 
strain the hot fluid through a flannel, and afterwards evaporate it, till it is of 
the consistence of a jelly when cold. The size used in burnish gilding, and 
made of cuttings of parchment, is prepared much after the same manner. 

Gold-size is directed to be made thus : “ Of gum-anime and asphaltum, 
take each one ounce; minium litharge of gold and amber, of each half 
an ounce ; reduce all into a very fine powder, and add to them four ounces 
of linseed oil and eight ounces of drying oil ; digest them over a gentle fire 
that does not flame, so that the mixture may only simmer, but not boil, lest it 
should run over and set the house on fire ; stir it constantly with a stick till all 
the ingredients are dissolved and incorporated, and do not leave off stirring till 
it becomes thick and ropy ; after being sufficiently boiled, let it stand till it is 
almost cold, and then strain it through a coarse linen cloth, and keep it for use. 
To prepare it for working, put what quantity you please in a horse-muscle shell, 
adding as much oil of turpentine as will dissolve it ; and making it as thin as 
the bottom of your seed-lac varnish, hold it over a candle, and then strain it 
through a linen rag into another shell ; add to these as much Vermillion as will 
make it of a darkish red ; if it is too thick for drawing, thin it with some oil of 
turpentine. The chief use of this size is for laying on metals. The best gold- 
size for burnishing is thus made : take fine bole, what quantity you please ; 
grind it finely on a piece of marble, then scrape into it a little beef suet ; grind 
all well together, after which mix in a small proportion of parchment-size, with 
a double proportion of water, and it is done.” 

Silver-size is made of tobacco-pipe clay in fine powder, into which is scraped 
some black-lead and a little Genoa soap ; all is then ground together with 
parchment, as already directed. 

SK.ATES. Small sledges fastened to the shoes or boots of a skater, by which 
he is enabled to slide, and make evolutions with great ease, grace, and rapidity, 
over ice. They are made of ribs of steel or iron fixed to wooden soles and are 
provided with straps and buckles to fasten them, and with small pointed pegs 
to prevent them slipping from their just position. As the exercise of skating is 
highly agreeable to young persons, and they can rarely be employed in this 
country but for a very small portion of the year, a substitute for them was 
provided a few years ago by Mr. Tyers, of Piccadilly, by which persons may 
rapidly glide over any level surface, though not with equffi facility as upon ice. 
"^is contrivance is represented in the following cut, and simply consists of a 
single line of little wheels, placed one before the other, instead of a solid piece 



SLUICE. 


G7.J 


of metal, the body being carried forward by the rolling of the former instead of 
the sliding of the latter ; but the exercise to the body is very nearly the same, 
and is a very healthy recreation. 



SKEET. long sort of scoop, used to wet the sides of a ship, in order to 
keep them cool, and prevent them from splitting by the heat of the sun : it is 
also employed in small vessels, to wet the sails, to render them more efficacious 
in light breezes ; in large ships the same operation is usually effected by the 
fire-engine. 

SKELETON (in its common signification), all the bones of a dead animal, 
dried, cleansed, and disposed in their natural situation. The term is, however, 
applied by mechanics to the principal framing or e.xternal configuration of 
various things; as the skeleton of a house, which implies merely the walls, 
rafters, roof, &c., as left from the hands of the bricklayer. Skeleton keys are 
thin, light keys, with almost the whole substance of the bits filed away, so that 
they may the more easily escape the opposition presented by the wards in 
ordinary locks. 

SKIFF. A small, light boat, resembling a yawl. 

SLAG. Vitrified cinders. 

SLAKE. The saturating of quick-lime with water, which, when effected, 
is called slaked- lime, and is in the state of a powder; chemically termed the 
hydrate of lime ; containing one part water to two of lime. 

SLAKIN. A term used by smelters to express a spongy, semi-vitrified sub- 
stance, which they mix with the ores of metal, to prevent their fusion : it is 
the scoria, or scum, separated from the surface of a former fusion of metals. 

SLAM. The refuse of alum works, often employed as a manure in combi- 
nation with-sea-weed and lime. 

SLAP- DASH. A provincial term, more commonly called by builders 
rough-casting; it is a composition of lime and coarse sand reduced to a liquid 
form, and applied to the exterior of walls as a preservative. 

SLEDGE. A kind of carriage without wheels, which b made so as to slide, 
or skate as it were, over the ground. 

SLEEPERS. Wooden or stone blocks, firmly imbedded in the ground, to 
sustain the pressure of a railway and its load, and to steady the connexions of 
the rail ; the term sleeper is also applied to many other, though somewhat 
similar objects. 

SLICK. The ore of any metal, but particidarly gold, when it has been 
pounded and prepared for ftirther working. 

SLIDING, in Mechanics, is when the same point of a body moving aloii" 
a surface, describes a line without revolving. 

SLIP A place lying with a gradual descent on the banks of a river or 
harbour, and rendered convenient for ship-building. See a description of an 
improved one, under the article Ship, denominated Clark's Raiding Railways. 

SLOOP. A small vessel furnished with one mast, the main sail of which is 
attached to a gaff above, to the mast on its foremost edge, and to a boom below. 
It differs from a cutter by having a fixed steering bowsprit, and a jib-stay ; the 
sails are also Jess in proportion to the size of the vessel. 

SLUICE. A frame of timber, stone, or other matter, serving to retain and 
raise the water of a river, &c., and, on occasion, to let it pass. Such is the 
sluice of a mill, which stops and collects the water of a rivulet, &c., to let it 
fall, at length, in the greater plenty upon the mill wheel ; such also are those 
u.sed as vents, or drains, to discharge water off land. See Tide-mili., Watee- 
WHEEL, &c. 

VOL. II. 4 u 
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SMACK. A small vessel, commonly rigged as a sloop or hoy ; used chiefly 
in the coasting and fishing trade. 

SMALT. A combination of glass with the oxide of cobalt, in the state of a 
very fine blue powder. See Zaffre and Cobalt. 

SMELTING. The operation of fusing ores, in order to separate the metals 
from the other minerals by which they may be combined. 

SMOOTHING IRONS are of various kinds. The hox iron is a polished 
iron box, of a form nearly triangular, and provided with a sliding door, through 
which is put a red-hot heater. The flat, or sad iron, which is in more general 
use, is simply a heater of cast iron, with a polish^ flat face, and a handle 
above ; this, however, is only heated to a degree that will not scorch the linen 
to be operated upon by it. Mr. Taylor, of Birmingham, has recently introduced 
an improvement upon the latter, by which it partakes of the properties of the 
former. Fig. 1 represents the lower part of the iron, hollow inside, and having a 
stub or Idock of iron cast to the face, on which is screwed a button. 2 
is the heater, with a square hole in the middle, through which the stub in fig. 1 
passes. Fig. 3 is the upper part and handle of the flat irrrn, having also a square 
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hole in it ; so that when this is placed over the former two, the button passes 
through both, and is made fast by giving it half a turn, by means of the heater 
handle, fig. 4. This handle also serves for taking the heater out of the fire, and 
putting it to the iron, or the reverse operation, by thrusting its extremity into a 
hole in the heater, made for that purpose. This invention, for which Mr. Taylor 
obtained a patent, forms a cheap substitute for the box iron. 

Another und of irons, called Italian irons, are much used for the same pur- 
j.oses. This is a htdlow cylinder, with a spherical end, the other end being open 
for placing in the interior a cylindrical or somewhat tapered red-hot heater ; it 
is mounted upon a stand, and the small articles of linen are gently pressed by 
a sliding motion over the heated surface. A variety of modifications of this 
apparatus may be seen in the ironmongers’ shops, some double and some treble : 
but there is one that was patented by a Mr. Nichcdson, of Lambeth, that seems 
to demand some notice here; the use of separate heaters being therein obviated 
by the burning of a lamp in a hollow cone, the apex of which supports, the 
irons, and communicates the heat of the flame of the lamp thereto. Much 
ingenuity has likewise been expended in the fabrication of irons for crimping 
and rolling linen between cylinders, with corrugated and plain surfaces, con- 
taining, in the interior, heaters, and wwked by cranks and wheds ; but as most 
of our readers will probably think that we have already devoted sufficient space 
to the aflfairs of the laundry, where this i^hinety may easily be seen, and its 
uses demonstrated, we refer the ardent inquirer to the laundress herself for 
further particulars. ‘ 

SMUT, in AgrMture, a disease to which wheat is peculiarly liable, by which 
it becomes contaminated with a sooty looking powder, whiph sometimes destroys 
the whole substance of the grain. Many contrivances called smut-machines 
htye been, at different times, invented to cleanse wheat, before grinding, fiom 
this serious defect ; but they have proved only partially successful in their 
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operation, owing, we conceive, to tbe process simjiy consisting of violent agita- 
tion, which cannot be effective in removing the hollow damaged grain ftom the 
mass, although it may drive off much of the loose or external foulness. 

SNATCH-BLOCK. A blofk having an opening in one of its sides, wherein 
to fix the bight of a rope occaaonally. This is by some termed a rouse-about 
block. See Blocks. 

SNOW. The frozen vapours of the atmosphere ; its whiteness is owing to 
the small particles in which it is divided, for ice, when pounded, becomes 
equally white. 

Snow. A vessel equipped with two masts, resembling the main and fore- 
masts of a ship, and a third small mast just abaft the main-mast, carrying a 
small sail similar to a ship’s mizzen. 

SNOW-PLOUGH. A simple machine operating like a plough, but upon a 
larger scale, for clearing away the snow from roads. It usually consists of 
boards framed together, forming an angular figure, the point of which enters 
the snow, which is thrown by the boards to the sides of the road, leaving a frir- 
row similar to those in a ploughed field. 

SNUFF. A scented powder, the use of which is too well known. The 
stalks of tobacco leaves, ground small, are the basis of all snufis ; and the various 
kinds derive their names from the wliims of the manufacturers, who combine 
with them those odoriferous substances by which they are distinguished. 

SOAP. A name given to those bodies which are compounds of the alkalies 
with fat and the fixed oils. The earths, and the other metallic oxides also, com- 
bine with fat and oils, forming neutral compounds. The former have been called 
earthy, and the latter metcdlic soaps. The soaps formed by the alkalies have 
the distinguishing character of being soluble in water and alcohol. The earthy 
soaps are perfectly insoluble ; and since any of the earths have a stronger attrac- 
tion for oil than the alkalies, the alkaline soaps are always decomposed by the 
earths. TbU occasions the ciurdy appearance when soap is used with water con- 
taining any earthy or metallic salt : it is from this quality that waters are said 
to be hard. Soap was imperfectly known to the ancients. It is mentioned by 
Pliny as made of fat and ashes, and as an invention of the Gauls. Areteeus and 
others inform us, that the Greeks obtained their knowledge of its medical use 
from the Romans. Its virtues, according to Bergius, are detergent, resolvent, 
and aperient; and its use recommended in jaundice, gout, calculous complaints, 
and in obstructions of the viscera. Many have boasted of its good e^cts in 
urinary calculous affections, especially when dissolved in lime water, by which 
its efficacy is considerably increased ; fur it thus becomes a powerful solvent of 
mucus, which an ingenious modem author supposes to be the chief agent in the 
formation of calculi ; it is, however, only in the incipient state of the disease 
that these remedies promise effectual benefit, though they generally abate the 
more violent symptoms where they cannot remove the cause. With Boerhaave, 
soap was a general medicine ; for as he attributed most complaints to viscidity 
of the fluids, he, and most of the Boerbaavian school, prescribed it in conjunc- 
tion with different resinous and other substances, in gout, rheumatism, and 
various visceral complaints. Soap is also externally employed as a resolvent, 
and gives name to several officinm preparations. 

The soaps used in the manufactures and domestic econonw, are made with the 
fixed alkahes, combined with different kinds of fat and oiL These, in the manu- 
facture of soap, are divided into two principal varieties, viz. hard and soft. The 
alkali employed for hard so^ is soda, generally obtained from the different sea 
vegetables, ‘and ctdled by different names, according to the name of the plant, 
in different countries. Most of the algae, but particularly the fucus and salsola, 
afford soda W burning. The vegetables are first dried, and then burnt in pits 
formed with loose stones. The earthy matter, and the soda, with some neutral 
salts, fuse into a crude mass, in which state it is sold. This substance is fur- 
nished in ^eat abui^dance ^m the Highlands of Scotland, under the name of 
kelp, and mm Alicant, in Spain, imder the name of barilla. In France it is 
known by the name of varec ; this being the name of the plant frcnn which it 
is generally produced there. It is commonly, however, in this state that it 
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comes to the soap-maker, varying frequently in its value, an J often occasioning 
much uncertainty in its employment. It should be the first business, therefore, 
of the manufacturer, to assay the substance from which he gets his alkali, even 
before he purchases it. When the exact value of the alkali is known, it is then 
to be treated as follows, to prepare it for mixing with the fat. The kelp, or 
barilla, is first to be pounded, and then mixed with one-fifth its weight of quick 
lime, in a large vat. These vats are generally three or four in number to each 
boiler. Besides these vats for the infusion of crude alkali, each of them has a 
cavity made under it. The bottom of each vat is even with the ground, the 
under cavity being sunk below, and is intended to receive the liquor which runs 
from a plug-hole in the upper vat, when the infusion has gone on to a certain 
extent. One of these vats, with its under reservoir, is sufficient for one boiling, 
but they are generally all at work, in order to give time for the solution of the 
alkali from the crude mass. In charging a vat, the barilla, kelp, or potash, and 
sometimes mixtures of these, are first coarsely powdered and mixed with quick- 
lime, also coarsely powdered ; some water is then thrown upon these, to slake the 
lime. In the side of the vat some straw is first placed almut the plug-hole, to 
prevent bits from passing through. Tlie vat is now charged, and water poured 
upon the- materials till it stands considerably above the solid mass ; after stand- 
ing several hours the plug is withdrawn, to let out the solution into the lower 
reservoir. The plug is now returned, and fresh water poured upon the mate- 
rials. Some, or all of the first ley is now removed into one of the other lower 
reservoirs before the second infusion is drawn off. This is done tliat the soap- 
boiler may always have at command two leys of different degrees of strength, 
as, in the course of every boiling, he finds it necessary to use sometimes the 
weak, and, at other times, the strong. The number of waters to be added to 
the materials, depends upon the judgment of the workman, who, by his taste, 
can tell when the water has dissolved the whole of the alkali. The ley being 
ready to lade out of the reservoir, which is near to the boiler, the tallow or oil, 
first weighed, is put in. When it is sufficiently melted, the workman begins by 
adding the ley and stirring the mixture. The alkali and the oil soon begin to 
unite, forming a milky fluid. As more ley is added, and the stirring continued, 
the liquid thickens. This is continued generally for thirty hours, and frequently 
more, till small portions of the soap, taken out from time to time, assume a 

? roper consistence, which the workman, by constant e.xperience, understands. 

le now adds a quantity of common salt, which has the effect of separating tlie 
watery part from the soap, which contains a portion of neutral salts, that existed 
in the crude alkali, especially when more than enough has been added. The 
fire has now to be withdrawn, and the mass left to cool. The watery part will 
be found at the bottom, and requires to be drawn out by a pump, whicb is a 
fixture on the side of the boiler. When this has been removed the fire is re- 
kindled, and if the mass does not melt finely, a little water is added. As soon 
as the whole becomes liquid, and is made uniform by agitation with wooden 
poles, tlie fire is again withdrawn, and the mass allowed to assume a proper 
consistence for lading-. It is laded into square moulds ; these are composed 
of a number of strata lying one upon another, so that when the soap has become 
solid, each layer of frame-work can be removed, beginning at the top, and the 
toap is cut into cakes with a small piece of brass wire at every interval ; these 
cakes are afterwards cut into square prismatic pieces, in which state they are 
sold. Yellow hard soap is formed of similar proportions of soda and tallow 
with the last; but it also contains rosin, and sometimes palm oil. In boiling 
the yellow soup, the rosin, oil, and tallow, ai-e put into the boiler firs't. The ley 
is prepared in a similar vat, and managed, in other respects, like the white 
soap. 

Soft soap differs in its composition from hard, in containing no alkali hut 
potash. Soft soap made with colourless fat, such as tallow, is a white unctuous 
substance, about the consistency of lard. If the fat be coloured, the soap par- 
takes of the same. In France, and other parts of the continent, it is generally 
coloured, sometimes with metallic oxides. Those made with yellow oil are some- 
times coloured with indigo, which gives them a green colour. Ifiie oils employed 
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are seldom olive oil, but the cheaper oils, such as raM-oil, the oil of hempseed, 
linseed, and others. In Holland it was made with whale-oil. This oil was 
forbidden on some parts of the continent, on account of its disagreeable smell. 
In this country, however, all the soft soaps are made with whale-oil, which 
gives a transparent mass of a yellow colour. In commerce, however, we do 
not find it uniform in its colour ; besides the yellow part, it appears interspersed 
with white spots, giving the whole a strong resemblance to the inside of a 
dried fig. 

Soap is chiefly used in washing and whitening Hnens, c eansing woollen 
cloths from oil, whitening silk, and freeing it from the resinous varnish with 
which it is usually covered, and for various purposes by the dyers, perfumers, 
fullers, &c. The alkaline lixiviums being capable of dissolving oils more effec- 
tually than soap, might be employed for the same purposes ; but when this 
activity is not mitigated by oil, as it is in soap, they are capable of altering, and 
even destroying entirely, by their' causticity, most substances, especially animal 
matters, as silk, wool, and others ; whereas soap cleanses from oil, almost as 
effectually as pure alkali, without danger of altering or destroying, which renders 
it peculiarly useful. 

SOAP-STONE. A species of steatite. It imparts to the touch a peculiar 
unctuous feeling, like fine white soap. The soap-stone of this country is chiefly 
obtained from the Lizard, in Cornwall, where it is found in connexion with ser- 
pentine, to which it is nearly allied. It is much used in the manufacture of 
porcelain ; also for polishing marble and other stone. It is the basis of various 
cosmetics, and is combined with carmine to form rouge ; it is also found very 
useful in taking grease spots out of silks, stuffs, &c. 

SOD .A. One of the fixed alkalies : it is generally procured from the ashes 
of marine plants ; indeed, its great repository is the ocean, soda being the basis 
of sea salt. Combined with carbonic acid, soda is found in a mineral state in 
Egypt, where it abounds under the name of natron ; whence it is frequently 
called mineral alkali. Vast quantities of this substance are annually obtained 
from the natron lakes, in Egypt. The heat of the sun in summer evaporating 
the water of these lakes, there is found a hard deposit at the bottom, frequently 
two feet in thickness, which is broken up and packed for exportation to Europe. 
The commercial article called barilla is an impure soda, and is obtained from 
the ashes of the incinerated sea-weed, saLiota soda. In this state it contains 
about one-fifth of the alkali. The kelp manufactured on our own coasts is 
still more impure, containing only from one-tweiltieth to one-fiftieth part of pure 
alkali. It is the basis of common culinary salt ; it forms an essential ingredient 
in the composition of plate and crown glass, and in all the varieties of hard 
soap. See Kelp, Barilla, Soap, Chemistry, Acid Muriatic, &c. &c. 

SODA-WATER. See Aerated Water. 

SODIUM. The metallic basis of soda, according to Sir H. Davy. See 
Cbemistry. 

SOLDER. A metallic cement for joining separate pieces of metal together 
by fusion. It is a general rule, with respect to solder, that it should fuse at a 
lower temperature than the metal to be soldered. The solders of the plumber 
are composed of tin and lead, on account of their ready fusion. (See those 
metals.) The coppersmith’s solder is an alloy of copper and zinc. (See those 
metals.) In general, the solder is harder or softer, in proportion to the quan- 
tity of copper that is in it; the greater the quantity of copper it contains, 
the harder and more difficult of fusion it becomes. Solders of different degrees 
of fusibility,, are often required, particularly in cases where several joinings 
have to be made near to each other. The least fusible solder is employed in 
the first place, and the others in succession, according to their order of fusibility, 
to the subseijuent joinings. If this precaution were'not adopted, it would often 
happen that in soldering one joint, the heat communicated to the next thereby, 
would cause it to become unsoldered. Before soldering, the surfaces are ren- 
dered bright and cleifh, by'scraping or filing them over ; as a thin coat of oxide, 
or any foreign matter intervening, would prevent the union. 

The solders used for brass are usually of two kinds, denominated hard and 
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soft. The hard is composed of brass asd zinc, varied in the proportions of from 
sixteen to two parts of brass to one part of zinc. The soft solder is composed of 
six parts brass, one of zinc, and one of tin. The brass is first melted, then the 
tin, and lastly the zinc (previously well heated) is added. The mixture is then 
agitated to divide It into grains as it cools. 

SOLID. Geometricians define a solid to he the third species of magni- 
tude ; or that which has the three dimensions of length, breadth, and thickness, 
or depth. 

SOLIDITY is defined to be that property of matter by which it excludes all 
other bodies from the place which itself possesses. 

SOLUTION. An intimate union of solid bodies with fluids, so that the 
former shall disappear, and the combination form an homogeneous liquor. 

SOOT. A powdery or floculent black or dark-coloured substance, deposited 
from the vapours which arise in the burning of vegetable and animal matter. 
Soot distilled by a strong heat, yields volatile alkali and empyreumatic oO, 
leaving deposited at the bottom of the vessel a quantity of insoluble earthy 
matter. The principal uses to which soot is applied, are manuring the ground, 
colour making, and in the manufacture of sal ammoniac. 

SOUND. The undulations which result from any vibrating or sonorous body, 
conveyed to the organs of hearing. See Phonics. 

SPADE. An instrument for digging the earth, provided with a broad and 
nearly rectangular blade of wrought iron, steeled at its lower or cutting edge, 
and with a stout handle above, adapted to be used with both hands. They are 
made of various sizes, and somewhat diflering in form, according to their pecu- 
liar uses, and the prejudices of certain provincial districts. 

SPAR, in Mineralogy, those earths which break easily into rhomboidal, 
cubical, or laminated fragments, with polished surfaces. 

SPARS, in ship-huUding, large round pieces of timber, fit for making yards 
and top-masts. 

SPATULA. An instrument employed for spreading out soft substances; as 
plaisters, pigments, &c. 

SPECIFIC GRAVITY. The weight of any body, or substance, compared 
with the weight of some other body which is assumed to be a standard. The 
standard of comparison, by common consent and practice, is rain water, on 
account of its being less subject to variation, in different circumstances of time 
and place, than any other bodj, whether fluid or solid. A cubic foot of rain 
water weighs 1000 ounces avoirdupois; therefore, assuming this to be the spe- 
cific gravity of rain-water, and comparing all other bodies with it, the same 
numbers which express the specific gravities of bodies, denote, at the same 
time, their weight per cubic foot, in avoirdupois ounces. Hence, by r^erence 
to the tables, we are enabled to fed the magnitude of any soHd which is too 
hregular to admit of the common rules of mensuration, and also the weight of 
any body of known magnitude, which is too ponderous to be submitted to the 
operation of the steel-yard or balance. 

Example . — Required the quantity of material in an irregular shaped block of 
marble, weighing 4{ tons. 

Reduce the weight to ounces, and divide by the specific gravity of marble. 

Hence 4J tons X 16 oz. -f-2.838 =_56.8 cubic feet. 

Required the quantity of material in a statue of white Parian marble, weigh- 
ing 800 pounds. 

800 X 16 = 12800-^-2.838 = 4J cubic feet 

Agean. — Required the weight of a block of Aberdeen granite, measuring 43 
feet in length, 8 feet in breadth and thickness. 

43 X 8 X 8 =2752. 

Then, as 1 : : 2752 : : 2.6^5 : 7224000=201 tons 11 ewt. 1 qr. ' 

The properties of specific gravity are as follow : — 

1. A body immersed in a fluid will sink if its specific gravity be greater than 
that of the fluid ; if it be less, the body will rise to the top, and be only pa^y 
immersed ; and if the specific gravity of the solid and fluid be equal, Uwm 
remain at rest in any part of the fluid in which it may be placed. 



SPECIFIC GRAVITY. 


679 


2, When a body is heavier than a fluid, it loses as much of its weight, when 
immersed, as is equal to a quantity of fluid of the same magnitude. 

3. If the specific gravity of the fluid be greater than that of the body, then 
the quantity of fluid displaced by the part immersed, is equal to the weight of 
the whole body. Hence, as the> specific gravity of the fluid is to that of the 
body, so is the whole magnitude of the body to the part immersed. 


Specific Gravities oj Metals. 


Sp. gm. 


Antimony, in a metallic state. 


fused .... 

6.624 

glass of ... . 

4.946 

sulphur of . . . 

4.064 

ore, grey & foliated 

4.368 

„ radiated . . 

4.440 

Bismuth, cast 

9.823 

native 

9.822 

ore, in plumes . . 

4.371 

Brass, common cast .... 

7.824 

cast, not hammered 

8.396 

wire-drawn .... 

8.544 

Copper, cast ...... 

8.788 

wire-drawn .... 

8.878 

pyrites 

4.080 

ore, Cornish . . . 

5,452 

„ white .... 

4.500 

; : ; 

4.500 

4.300 

„ blue .... 

3.400 

pTisinstic ... 

4.200 

„ foliated, florid red 

3.950 

„ radiated, azure . 

3.231 

„ emerald . . . 

3.300 

Gold, pure, cast 

19.258 

(he same hammered . 

19.362 

22 carats, fine, standard 

17.486 

the same hammered . 

15.589 

20 carats, fine, trinket . 

15.709 

'the same hammered . 

15.775 

Iron, cast 

7.207 

bars 

7.788 

pyrites, cubic .... 

4.702 

„ radiated . . . 

4.775 

„ dodecahedral . 

4.830 

„ from Freyberg . 

4.682 

„ from Cornwall . 

4.789 

ore, specular .... 

5.218 

„ micaceous . , % 

5.070 

„ jnismatic .... 

7.355 

Lead, cast * 

11.352 

litharge 

6.300 

ore, cu^ic 

7.587 

hotued . • • • 

6.072 

ff corneous .... 

6.065 

reniform . • . . . 

3.920 

„ blue 

5.461 

„ black .... 

5.770 


Sp. grsT. 

Lead ore, brown .... 6.974 

,, white 7.236 

„ red, or red lead spar 6.027 
„ yellow, molybde- 

nated .... 11.352 
Mercurv, solid, 40* below 0, 

Fahr 15.632 


at 32° of heat . . 

13.619 

at 60* 

13.580 

at 212° .... 

13.375 

Nickel, cast 

7.807 

ore, called Kupper- 

nickel of Saxe 

6.648 

„ of Bohemia . . 

6.207 

Platina, crude, in grains . . 

15.602 

purified ..... 

19.502 

the same hanunered . 

20.337 

„ rolled . . . 

22.069 

,, wire-drawn . 

21.042 

Silver, cast, pure .... 

10.474 

,, „ hammered . 

10.511 

Parisian standard . . 

10.175 

the same hammered , 

10.376 

French coin .... 

10.048 

.shilling (George 111.) . 

10.534 

Steel, soft 

7.833 

hardened, but not tern- 

pered 

7.840 

tempered, but not bar- 

dened 

7.816 

tempered and hardened 

7.818 

Tin, pure Cornish . . . 

7.291 

the same hardened . 

7.299 

Malacca, fused . . 

7.296 

„ hardened . 

7.307 

ore, red 

6.935 

„ black .... 

6.901 

„ white .... 

6.008 

Tungsten 

6.066 

Uranium 

6.440 

Wolfram 

7.119 

Zinc, in its usual state . . 

6.862 

pure sand compressed 

7.191 

formed by sublimation. 

and iiill of cavities . 

5.918 

sulphate of .... 

1.900 

saturated solution of. 

temp. 42° . . . 

1.386 
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Alder 
Apple-tree 
Ash 

Bay-tree 
Beech 
Box, Dutch 
French 
Brazih'an red 
Campechy . . . 


Cedar, American 561 

Indian . . : . . 1.315 

Palestine 613 

wild '596 

Cherry-tree 715 

Citron 726 

Cocoa 1.040 

Cork 240 

C3rpress 644 

Ebony, Indian 1.209 

American .... 1.331 

Elder , . . .695 

Elm 671 

Filbert 600 

Fir, yellow 657 

white 569 

male 550 

female ... . . .498 

Hazel 600 


Sp. gray 


Jasmin, Spanish 770 

Juniper 556 

Lemon-tree 703 

Lignum-vitffi 1.333 

Lime-tree 604 

Logwood 913 

Mahogany ...... 1.063 

Maple 750 

Mastic-tree 849 

Medlar 941 

Mulberry 897 

Oak, heart of, 60 years old . 1.170 

dry 932 

Olive-tree 927 

Orange-tree 705 

Pear-tree .661 

Pomegranate-tree .... 1.354 

Poplar 383 

white, Spanish . . . .529 

Plum-tree . 755 

Quince-tree 705 

Sassafras .482 

Vine 1.327 

Walnut 671 

Willow 585 

Yew, Spanish 807 

Dutch 788 


Specific Gravities of Woods. 

Sp. grav. 

.800 
.793 
.845 
.822 
.852 
.912 
1.328 
1.031 
913 


Specific Gravities of Stones, Earths, ^c. 


Alabaster, yellow .... 2.699 
stained brown . . 2.744 

veined .... 2.691 
Dallas .... 2.611 
Malaga .... 2.876 
Malta .... 2.699 
oriental, white . . 2.730 

„ semi-trans- 
parent . 2.762 
Piedmont . . . 2.693 

Spanish, saline . . 2.713 
Valencia.- . . . 2.638 

Ambergris 926 

Amianthus, long .... .909 

short .... 2.313 

Asbestos, ripe 2.578 

starry 3.073 

Borax 1.714 

Brick 2.000 

Chalk, British 2.784 

Brancon, coarse *. . 2.727 
Spanish ..... 2.790 

Coal, Cannel 1.270 

Newcastle 1.270 

Staffor^hiie .... 1.240 
Scotch 1.300 


Cutler’s stone 2. 1 1 1 

Emery 4.000 

Flint, black 2.582 

veined 2.612 

white 2.594 

Egyptian 2.565 

Glass, flint •. 2.933 

white 2.892 

bottle 2.732 

green 2.642 

. St. Gobin 2.488 

Leith, crystal . . . 3.189 

fluid 3.329 

Granite, Aberdeen, blue land 2.625 
Cornish .... 2.662 
Egyptian, red . . 2.654 
„ grey . . 2.728 

beautiful red . . 2.761 
Girardinor , . . 2.716 

violet, of G3rromagny 2.685 
Dauphiny, red . . 2.643 
w green . 2.684 
.. radiated . 2.668 
Semul-, red . . . 2.638 

Bretagne, grey . . 2.738 
» yellowish . 2.619 
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Granite, Carinthia, blue . . 

Sp. grav. 

2.956 

Grindstone 

2.113 

Gypsum, opaque . . . j 

2.168 

semi-transparent . 

2.306 

fine ditto . . . . 

2.276 

cuneiform, crystal- 
lized 

2.306 

rhomboidal . . . 

2.311 

ditto, ten faces . . 

2.312 

Hone, white, razer .... 

2.876 

Jet, a bituminous substance . 

1.2.59 

Lime-stone, green .... 

3.182 

arenaceous 

2.742 

white fluor . . 

3.156 

compact . . . 

2.720 

foliated. . . . 

2.837 

granular . . . 

2.800 

Manganese 

7.000 

grey ore, striated. 

4.756 

grey, foliated . . 

3.742 

red, from Kapnick 

3.233 

black 

3.000 

scaly .... 

4.116 

sulphuret of . . 

3.950 

phosphate of . . 

2.600 

Marble, African 

2.780 

Biscayan, black . . 

2.695 

Brocatelle .... 

2.650 

Campariuin, green . 

2.742 

.Carrara, white . . 

2.717 

Castilian .... 

2.700 

Egyptian, green . . 

2.668 

French ..... 

2.649 

Grenada, white . . 

2.705 

Italian, violet . . . 

2.858 

Norwegian .... 

2.728 

Parian white . . . 

2.838 

Pyrenean .... 

2.726 

. red 

2.724 

Roman violet . . . 

2.75.5 

Siberian .... 

2.718 

Siennian . . . 

2.678 

Switzerland . . . 

2.714 

Valencia .... 

2.710 

Millstone 

2.481 

phosphonc . . . 

1.714 

Porcelain, China .... 

2.385 

Limoges .... 

2.341 

Seves 

2.146 

Por])h)Ty, red 

2.765 

green 

2.076 ' 

• Spccifi 

c Grav'd 

Acetic acid 

1.007 

Acetous acid, red •. . . . 

1.025 

white . . . 

1.014 

Alcohol, commercial . . . 

.837 

highly rectified . . 

,829 
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Por^^hyrv, red, from Cordonne 

2.75 t 

green, from ditto . 

3.728 

red, from Dauphiny 

2.793 

Pyrites, copper 

4.951 

feiTUginous, cubic 

3.900 

„ round . 

4.101 

,, of St. Do- 


mingo . 

3.410 

Salt 

2.130 

Serpentine, opaque, green, 



Italian. . . 2.430 

„ veinedhlack 

and olive 2. ,'94 
„ red & black 2.627 
semi-transparent, 


grained . . 2.5S6 

fibrous .... 3.000 

from Danpbiny . 2.GG9 

Slate, common 2.672 

new 2.S54 

black stone . . . . 2.186 

fresh polished . . . 2.760 

Stalactite, opaque . . . . 2.178 

transparent . . , 2.320 

Stone, Bristol 2.ol0 

Burford 2.049 

common 2.520 

Clicard, from Brachet . 2.357 

„ Onchnin 2.274 

Notre-D.amo. . . . 2.378 
oriental bine . . . 2.771 

paving 2.410 

Portland 2.570 

Pumice 915 

Pnrbeck 2.601 

jn-ismatic basaltes . . 2.722 

rag 2.170 

rotten 1.981 

rock of Chatillon . . 2.122 

Siberian blue . . . 2.94") 

St. Cloud 2.201 

St. Maur 2.034 

touch 2.11.') 

Sulphur, native 2.033 

melted 1.991 

Talc, black 2.900 

crayon 2.089 

German 2.240 

Muscovy 2.792 

yellow . . ... 2.0.")3 


es of Llijiiiil.-i. 

Ammonia, liquid 897 

muriate of . . . 1.45.3 

Beer, pale 1.023 

brown 1 . 0 ;S 1 

r.enroic acid . . . . . 1 018 
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^'der 

Sp. grav- 
1.018 

Oil of tnrjwntine, essential 

Sp. gray. 

. .870 

Mher, acetic 

.866 

whales 


.923 

muriatic 

.730 

Spirits of wine, commercial 


.837 

nitric 

.■909 

highly rectilied 

.829 

sulphuric 

.739 

Sulphuric acid .... 


1.841 

Fluoric acid 

1.500 

highly concen- 


Formic acid 

.994 

trated . 


2.125 

Milk of cows 

1.032 

Turpentine, liquid . . . 


.991 

Muriatic acid 

1.194 

Vinegar, distilled . . . 


1.010 

Nitric acid 

1.271 

Water, rain 


1.000 

highly concentrated 

1.583 

distilled .... 


1.000 

Oil of almonds, sweet . 

.917 

sea 


1.026 

cloves, essential . . . 

1.036 

Wine, Burgundy . . . 


.992 

cinnamon, essential 

1.044 

Bourdeaux . . . 


.994 

filberts 

.916 

Champaigne, white 


.998 

hemp-seed . . . . 

.926 

Canary .... 


1.033 

lavender, essential . . 

.894 

Constance . . . 


1.082 

linseed 

.940 

Madeira .... 


1.038 

olives 

.915 

Malaga .... 


1.022 

poppies 

.924 

Port 


.997 

rape-seed . . . . . 

.919 

Tokay 


1.054 


Specific Gravilies of Resins, Gums, Animal Substances, ^c. 


Aloes, socotrine 1.380 

hipatic 1 .359 

Ambergris 926 

Assafoetida ...... 1.328 

Bark, Peruvian 785 

Butter 942 

Camphor 989 

Copd, Chinese 1.063 


Madagascar .... 1.060 

Opaque 1.140 

Fat, beef 923 

mutton 924 

veal 934 

hog’s 937 

Galbanum 1.212 

Gamboge 1.222 

Gum Ammoniac .... 1.207 

Arabic ] .452 

Bdellium 1.372 

Euphorbia 1.124 

Scajnmony of Aleppo . 1.235 


Gum Scammony of Smyrna . 

seraphic 

tragacanth 

Gunpowder, in a loose heap . 

shaken . . . 
solid .... 

Honey 

Indigo 

Ivory 

Lard 

Madder-root 

Mastic 

Myrrh 

Olibanum 

Opium . 

Spermaceti 

Sugar, white 

Tallow 

Wax of bees, white .... 

yellow . . . 

Shoemakers’ .... 


1.274 

1.201 

1.316 

.836 

.932 

1.745 

1.450 

.769 

1.826 

.948 

.765 

1.074 

1.360 

1.173 

1.336 

.943 

1.606 

.942 

.969 

.965 

.897 


Gases. 


In the following Table, the specific ^avities of the principal gases will be 
given as they correspond with the specific gravity of atmospheric air, which is 
supposed to be about 1. 000. 


Atmospheric, or common air .' 

Ammoniacal gas 

Arsenical hydrogen gas . . 

Azote 

Carbonic acid 

oxide 

Carburetted hydrogen . 


1.000 

.500 

.529 

.969 

1.520 

.960 

.491 


Chlorine . .470 

Chloro-carhonic gas .... 3.389 
Chloro-cyanic vapour . . . 2.111 
Cydrt^en . ........ 1.806 

Euchlorine 2.409 

Fluobnracic 2.371 

FluosiUcic acid gas .... 3 574 



Hydrogen 

Hydi-iodic acid gas . . 

Hydrocyanic vapovrr 
Muriatic acid gas . . 

Nitrous gas .... 
acid gas . 
oxide .... 
Oxy'gen, mean 
Phosphuretted hydrogen 
Steam . . . . ' . . 
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Sp. grav. 



Sd. ffrav 

.074 

j Sulphuretted hydrogen 

1.777 

4.443 

I Sulphurous acid 

2.193 

.048 

1 Vapour of alcohol . . . . 

2.100 

1.278 


absolute alcohol . 

1.613 

1.094 


hydriotic ether . . 

5.475 

2.427 


iodine . . . . 

8.620 

1.614 


muriatic ether . . 

2.219 

1.044 


oil of turpentine . 

5.013 

.870 


sulphuret of carbon 

2.645 

.690 

1 

sulphuric ether. . 

2.586 


In concluding, it may be necessary to remark, that all bodies expand by heat 
and contract by cooling; but the contraction and expansion, by the same 
change of temperature, is very different in different bodies. Water, when 
heated from 60 to 100 degrees, increases its volume nearly one sixty-seventh of 
its bulk ; mercury, one two-hundred and forty-third part ; and many substances 
much less. It is therefore proper, in ascertaining the specific gravities of bodies, 
to note particularly' the temperature. 

SPECTACLES. An optical instrument consisting of two lenses set in alight 
frame, the extremities of which are made elastic, so as to retain, by a slight 
pressure against the aides of the head, the instrument in its place, which is 
supported upon the nose of the wearer. The use of spectacles is to counteract 
some defects in the organs of vision ; and as these differ in their nature, 
the lenses vary in their properties. Those with convex lenses serve to counter- 
act the effects arising from the too great flatness of the eye, by giving the rays 
of light a degree of convergency sufificient to make them meet exactly at the 
retina, and are, therefore, generally proper for elderly persons. On the contrary, 
short-sighted people use concave lenses, to prevent the rays from converging so 
suddenly, — because the eyes of such persons being too round and protuberant, 
give too great a convergency to the rays, and cause them to meet before they 
reach the retina, which defect is remedied by glass of a suitable concavity. 



A patent for improvements in spectacles was taken out in 1826 by Mr 
A. A. de la Court, of Great Winchester-street, London, which are of so’peculiar 
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a description as to demand a brief notice from us. Tiie invention consists in 
fixing to the joints or bows of common spectacles a pair of mirrors or reflectors, 
so jointed and posited as to enable the wearer to see sideways, and even behind 
him, as he may be inclined, without turning his head. In another form of 
these patent spectacles the ordinary glasses are omitted, and the mirrors only 
introduced as exhibited in the prefixed illustration of the patent, extracted 
from a scientific journal, in which the uses and abuses of this singular invention 
(that gives to the wearer all the boasted powers of the god Argus,) are humo- 
rously detailed. 

SPERMACETI. A substance obtained from the oil found in the head of 
several species of whale, but chiefly from the physeter macrocephalus. Though 
analogous to fat and wax, it differs from them in several properties. It is of a 
flaky texture — soft, white, and brilliant ; melts at 1 13o ; and by raising the heat 
may be volatilized with little change, though by repeated distillation it is 
decomposed. It bums with a clear flame. A property distinguishing it from 
fat is that of solubility in alcohol and ether, though it is but sparingly soluble 
in the former. It dissolves more rapidly and abundantly in warm ether, from 
which it precipitates when cool ; oil of turpentine acts upon it in a similar 
manner. Spermaceti is found in a large triangular trunk, four or five feet deep, 
and ten or twelve long, filling almost the whole cavity of the head, and seeming 
to be entirely different from the proper brain of the animal. The oil is separateo 
from it by dnpping. In this state it has a ycUow, unctuous appearance, and is 
brought to England in barrels. An ordinary sized whale, it is said, will yield 
upwards of twelve large barrels of crude spermaceti. The mode of purifying 
it in the large way is as follows : — the mass is put into hair or woollen bags, 
and pressed between plates of iron, in a screw-press, until it becomes hard and 
brittle. It is then broken into pieces, and thrown into boiling water, where it 
melts ; and the impurities which rise to the surface, or sink to the bottom, are 
skimmed oflf or separated from it. After being cooled, and separated from the 
water, it is put into fresh water in a large boiler, and a weak fey of the potash 
of commerce added to it by degrees. This part of the process is thrice repeated, 
after which the whole is poured into coolers, when the spermaceti concretes into 
a white semi-transparent mass, which, on being cut into small pieces, assumes 
the flaky appearance which it has in the shops. Some adulterate it with wax ; 
but the deceit is discovered, either by the smell of the wax, or by' the dulness of 
the colour. Some also sell a preparation of oil taken from the tail of the whale, 
instead of that from the brain ; but this kind turns yellow as soon as exposed 
to the air. Indeed, it is apt, in general, to grow yellowish, and to contract a 
rancid fishy, smell, if not carefully secured from the air. The more perfectly it 
has been purified at first, the less susceptible it is of these alterations ; and 
after it has been changed, it may be rendered white and sweet agfdn by 
steeping it afresh in a ley of alkahne salt and quicklime. It melts in a small 
degree of heat, and congeals again as it cools. 

The great use of spermaceti is for making candles, and it is also employed in 
medicine. Spermaceti candles are of modern manufacture : they are made 
smooth, with a fine gloss, free fiom rings and scars, superior to the finest wax 
candles in colour and lustre ; and, when genuine, leave no spot or stain on the 
finest silk, cloth, or linen. 

SPHERE. A solid contained under one uniform round surface, suen as 
would be formed by the revolution of a circle about the diameter thereof. 

SPHEROID. A solid body approaching the figure of a sphere, though not 
exactly round, but having one of its diameters longer than the other. 

SPINDLE. A term synonymous with axis. In machinery where several 
axes occur, it is usual to denominate the subordinate or smaller a.\es spindles, 
as in cotton-spinning, &c. ' 

SPINET. A musical instrument of the piano-forte kind. The latter, by its 
improved tones and construction, has superseded the manufacture, and almost 
wholly banished the use of the former. See Piano-forte.’ 

SPINNING. The art of combining animal or vegetable fibres into threads, by 
twisting them together, as in cotton, sUk, wool,flax, hemp. o-c. See tliose aiticlea. 
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SPIRAL. In Geometry, a curved line of the circular kind, which in its 
progi-ess recedes farther and farther from a point within called its centre. 

SPLICING. The process of joining the ends of a rope together, or to 
unite the end of a rope to any part thereof, by interweaving the strands in a 
regular manner. There are sevtral methods of splicing, according to the services 
for which it is intended, all of which are distinguished by particular epithets. 

SPONGE. A marine production of a remarkably porous and absorbent 
nature. Its property of readily imbibing almost as great a volume of water as 
its own bulk, and as readily parting with it by compression, renders it of great 
utility. The best is of a light colour, free from stones and other impurities, very 
soft and elastic, and the pores or holes small. It is chiefly obtained from the 
Mediterranean, about the shores of Turkey and the Archipelago, where it grows 
upon the rocks at considerable depths under water. To bleach sponge and 
render it white, it is soaked repeatedly in fresh water, changing the fluid several 
times a day ; and at the end of five or six days it will be ready for bleaching. 
If the sponge contains pieces of shells, chalk, &c., which cannot be extracted 
without tearing it, the sponge must be soaked for twenty-four hours in muriatic 
acid, diluted in twenty times as much water, which will cause an effervescence 
to take place, and carbonic acid to be liberated, when the shells and chalk will 
be dissolved. .After this the sponge must be carefully washed in fresh water, 
and then immersed for seven or eight day's in a weak solution of sulphuric acid 
(specific gravity 1.024), occasionally pressing it out dry. After it has again been 
perfectly washed and cleaned, it may be sprinkled with a little rose-water, to 
give it a pleasant smell. 

SPOON, Medical. A newly invented instrument by Mr. G. Gibson, of Bishops- 
gate Street, for administering medicine to patients, especially to those in a 
recumbent position, and to such as are disposed to resist the taking of it. This 
little apparatus, which was the subject of an honorary medal presented by the 
Society of Arts to the inventor, and has been found of unspeakable utility, is 
represented in the following cut, which exhibits its form so obviously as to 



require no description of its construction. The spoon is to be jilled at the lid 
( V. hich is shown as open in the figure), and the thumb being then placed upon 
the aperture at the end of the hollow handle, the medicine is prevented from 
running oilt, until the spoon is secured in the patient’s mouth ; the thunib 
being then removed, the medicine flows out iti consequence of the admission 

spill NCf. A thin blade of steel, or other elastic'substance, which, being bent 
or wound up, serves to put machinery in motion by its elasticity, or endeavour 
to unbend itself ; sujh is the spring of a watch, clock, S:c. The ingenious Dr. 
Edmund C.-u twright observed that wooden springs (made out of clean red deal) 
withstood better than steel an unvestraineel vibr.ation. Wood, if checked in its 
vibratieu l.v a. stt]'. i^ nn.wL .. i-.e lialtlc tu Vreait tluiii steel. On the cejntiary. 
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if steel be not checked in its continued vibration by some stop after it has per- 
formed its required action, it is very liable to break or take a set. Dr. Cart- 
wright, after very numerous experiments, could not get steel springs to stand in 
his new weaving machinery by power, although he tried the best of workmen 
and the best of materials ; but having temporarily substituted wood, he found, 
to his agreeable surprise, that they stood admirably ; and at the end of four 
years all the wooden springs which had escaped accittents were as strong and 
elastic as when first put in action, notwithstanding they made from forty to^fifty 
sirokes per minute during that period. 

SPRINGES. A sort of noose made of horse-hair or fine wire, which are set 
in hedges, trees, &c., to ensnare birds, rabbits, game, &c. 

SPRUCE BEER. A cheap and wholesome liquor, which is thus made: — 
Take of water sixteen gallons, and boil the half of it. Put the water thus 
boiled, vvhile in full beat, to the reserved cold part, which should be previously 
put into a barrel or other vessel ; then add sixteen pounds of treacle or molasses, 
with a few table spoonsful of the essence of spruce, stirring the whole well 
together ; add half a pint of yeast, and keep it in a temperate situation, with 
the bung-hole open for two days, tiU the fermentation be abated ; then close 
it up or bottle it off, and it will be fit for being drunk in a few days afterwards. 
In North America, and perhaps in other countries, where the black and white 
spruce-firs abound, instep of adding the essence of the spruce at the same time 
with the molasses, they make a decoction of the leaves and small branches of 
these trees, and find the liquor equally good. It is a powerful antiscorbutic, and 
may prove useful in long sea-voyages. 

SPUES. A goad of metal attached to the heels of horsemen for pricking the 
sides of a horse to increase his speed. 

STAIRCASE. An ascent enclosed between two walls, or a hallustrade, con- 
sisting of steps or stairs, with landing-places and rails. Nicholson’s Practical 
Builder contains a good selection of the most approved construction of stair- 
cases. 

ST.kRCH, A well-known substance extracted from wheaten flour, by 
washing it in water. All farinaceous seeds afford this substance in a greater or 
less degree ; but it is most easily obtained from the flour of wheat, by moistening 
any quantity with a little water, and kneading it with the hand into a tough 
paste ; this being washed with water, by letting fall upon it a very slender 
stream, the water will be rendered turbid as it runs off, in consequence of the 
fecula or starch which it extracts firom the flour, and which will subside when 
the water is allowed to stand at rest. The starch so obtained, when dried in the 
sun, or by a stove, is usually concreted into small masses, which have a fine 
wliite colour, scarcely any smell, and very little taste. If kept dry, starch in 
this state continues a long time uninjured, although exposed to the air.‘ The 
inferior and refuse wheat is usually employed for manufacturing common 
starch ; but when the finest starch is required, good grain must be used. This, 
being well cleaned, and sometimes coarsely bruised, is put into wooden vessels 
full of water, to ferment : to assist the fermentation the vessels are exposed to 
the greatest heat of the sun, and the water is changed twice a day, during eight 
or twelve days, according to the season. When the grain bursts easily under 
the finger, and gives out a milky white liquor when squeezed, it is judged to be 
sufficiently softened and fermented. In this state the grains are taken out of 
the water by a sieve, and put into a canvass sack, and the husks are separated 
and rubbed off by beating and rubbing the sack upon a plank : the sack is then 
put into a tub filled with cold water, and trodden or beaten tiU the water 
becomes milky and turbid, from the starch which it takes up from the grain. 
A scum sometimes swims upon the surface of the water, which must be care- 
fully removed ; the water is then run off through a fine sieve hfto a settling 
vessel, and fresh water is poured upon the grains, two or three times, till it wUl 
not extract any more starch, or become coloured by the grain. The water in 
the settling vessels, being left at rest, precipitates the starch, which is held sus- 
^rended : and to get rid of the saccharine matter, which was also dissolved by 
the water, the vessels are exposed to the syn, which soon produces the acetous 
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fermentation, and takes up such matter as renders tlie starch more pure and 
white. When the water becomes completely sour, it is poured gently off from 
the starch, which is washed several times afterwards with clean -water, and at 
last is placed to drain upon linep cloths, supported by hurdles, and the water 
drips through, leaving the starch upon the cloths, in which it is pressed and 
wrung, to extract as much as possible of the water; and the remainder is 
evaporated by cutting the starch into pieces, which are laid up in airy places, 
upon a floor of plaster, or of slightly burnt bricks, until it becomes completely 
dried from all moisture, partly from the access of warm air, and partly by the 
floor imbibing the moisture. In winter-time, the heat of a stove must be 
employed to effect the drying. Lastly, the pieces of starch are scraped to 
remove the outside crust, which makes inferior starch, and these pieces are 
broken into smaller pieces for sale. The grain which remains in the sack after 
the starch is extracted contains the husks and the glutinous part of the wheat, 
which are foimd very nutritious food for cattle. 

Starch does not dissolve in cold water, but very soon falls to powder, and 
forms with it a kind of emulsion. It combines with boiling water, and forms 
with it a thick paste. Linen dipped into this paste acquires, as is well known, 
a great degree of stiffness. When the paste is allowed to cool, it assumes the 
form of a semi-transparent jelly, which, when dried by artificial heat, becomes 
brittle, and assumes an appearance not unlike that of gum. Hence it is sup- 
posed that starch, by being boiled in water, undergoes a certain degree of 
decomposition, which brings it nearly to the state of gum. When this paste is 
left exposed to damp air it soon loses its consistency, acquires an acid taste, 
and its surface is covered with mould. Starch is so far from dissolving in 
alcohol, even when assisted by heat, that it does not even fall to powder. The 
action of the mineral acids upon starch we have not space to detail ; we there- 
fore refer the reader to Ure’t Dictionary for information thereon. The 
alkalies dissolve starch, but their action has not been examined with care. In 
pure potass it swells, and assumes the appearance of a transparent jelly. In this 
state the solution is soluble in alcohol. When starch is thrown upon a hot iron, 
it melts, blackens, froths, smells, and burns with a bright flame like sugar, 
emitting at the same time a great deal of smoke ; but it does not explode, nor 
has it the carorael smell which distinguishes burning sugar. When distilled, it 
yields water, impregnated with an acid supposed to be the pyromucous, a little 
empyreumatic oil, and a great deal of carbonic acid and carburetted hydrogen 
gas. The charcoal which remains is easily dissipated when set on fire in the 
open air, — a proof that it contains very little earth. Barley-grain consists 
almost entirely of starch ; not, however, in a state of perfect purity. In the 
process of malting, which is nothing else than causing the barley to begin to 
vegetate”, a great part of the starch is converted into sugar. During this process 
oxygen gas is absorbed, and carbonic acid gas is emitted. Water, too, is abso- 
lutely necessary ; hence it is probable that it is decomposed, and its hydrogen 
retained. Starch, then, seems to be converted into sugar by diminishing the 
proportion of its carbon, and increasing that of its hydrogen and oxygen. Its 
distillation shows us that it contains no other ingredient than these three. 
Starch is contained in a great variety of vegetable substances, most commonly 
in their seeds or bulbous roots, but sometimes also in other parts. Indeed the 
greater number, if not the whole, of the vegetable seeds employed by man as 
an article of food consists chiefly of starch. But that substance is always 
combined with some other which serves to disguise its properties, such as sugar, 
oil, extractive^ &c. It is only by processes similar to those described in the 
beginning of this article, that it is extracted from these substances in a state of 
tolerable purity. Starch may be made from potatoes, by soaking them about 
an hour in waler, and taking off their roots and fibres, then rubbing them quite 
clean by a strong brush ; after this they are reduced to a pulp, by grating tliem 
in water ; but when this is attempted in a large way, some kind of mill must be 
used to reduce them to a pulp, as the grating of them by hand is too tedious an 
operation. A complete mill for this purpose is described under the article 
Bread. 
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STATICS, A branch of mathematics of which the object is the doctrine oi 
weight or gravity, and the motion of bodies arising from it. In tins sense, 
Statics is a particular branch of mechanics. Some, how'ever, define Statics to be 
the doctrine or theory of motion in general ; apd Mechanics, the application of 
that theory to machines. See the article Mechanics. 

STEAM. The term generally^ employed to designate water in its elastic tonn, 
at or above the temperature of 212". It is at present applied to many economical 
purposes, as well as in various manufactures, independent of its important 
office in the steam-engine. In order to make water boil, the fire must ho 
applied to the bottom or sides of the vessel which contains it : if the heat ho 
applied at the surface of the water, it will waste away w ithout boiling, because 
the superficial particles, by imbibing the heat necessary to render them elastic, 
fly otf without agitating the rest ; but when applied to the lower surface of the 
water, the bubbles which are formed at the bottom rise, and give ofl their heat 
to the incumbent mass, and then disappear-by collapsing : the distances which 
they reach before collapsing increase as the water continues to warm further 
up the mass, till it breaks out into boiling on the surface. If the handle of a 
tea-kettle be grasped with the hand, a tremor will be felt for some little time 
before boiling, arising from the little succussions which are produced by the 
collapsing of the bubbles of vapour. Tliis is much more violent, and is really 
a remarkable phenomenon, if we suddenly plunge a lump of red hot iron into 
a vessel of cold water, when, if the hand be applied to the side of the vessel, a 
most rfiolent tremor is felt, and sometimes strong thumps ; these arise from the 
collapsing of very large bubbles. The great resemblance of this tremor to the 
feeling experienced dming the shock of an earthquake has led many to suppose 
that these last are produced in the same way ; and the liypothesis is by no means 
unfeasible. 

The following propositions have been generally assumed by certain authorities 
as correct data : — 

1. A cubic inch of water forms a cubic foot of steam, when its elasticity' is 
equal to 30 inches of mercury. 

2. One pound of Newcastle coal wiU convert seven pounds of boiling water 
into steam. 

3. The time required to convert a given quantity of boiling water into steam 
is six times that required to raise it from the freezing to the boiling point, or 
from 32" to 212", supposing the supply of heat to be uniform. 

4. When a quantity of water is exposed to a given temperature, the quantity 
of steam formed in a given time will be as the surface, all other things being 
equal. The quantity will also be jointly as the force of vapour answering to 
each degree of heat, and the surface. The depth of water evaporated in a given 
time will be as the force of vapour, whatever the surface, if the mass be uni- 
formly of the same temperature. When the force of vapour is 30 inches, and 
the temperature at 212", this degree, being just preserved only the depth 
evaporated, is 1.3 inch in one hour. 

5. When a quantity of water is raised to the boiling point, or 212", it requiies 
as much heat to give it the elastic form as would raise the same water 900“ 
higher. If its volume were not changed by the heat ; that is, if it could be 
prevented from expanding, its temperature would become 1112“ with the same 
quantity of caloric ; thus, agreeably to fact 3, the beat required to convert water 
of 212" into steam is six times that required to raise the temperature from 32“ 
to 212°. See also Steam-Engine, fOuier of. 

STEAM-ENGINE. A machine wrought by the force obtained from the 
expansion and contraction of the steam of boiling water, and emploved as a 
first moving-power to oth^r machines. ^ 

Among the innumerable contrivances of man to administer to the necessities 
and to augment the luxuries of life by mechanical agency, none certainly have 
proved more directly and extensively valuable than tba steam-engine. Many 
great discoveries have been made, involving, indeed, a higher degree of intel- 
lectual power in the cognizance of matter, its laws and properties as well as a 
more varied ingenuity as regards construction and mode of application • the 
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ship with her accessories, and the degree of knowledge required to conduct her 
tliroughout a distant and perilous voyage ; the art of printing, with its loftier 
import to moral and mental culture ; the lens, by which we are enabled to soar 
into the boundless regions of space, or scrutinize the countless myriads of 
animated beings whose existence the unassisted vision had never else discovered; 
the curious and beautiful deuces of analytic chemistry ; these, and other fabri- 
cations of man’s inventive faculty, have been severally adduced as a grander 
exhibition of intelligence than the steam-engine of itself affords. But esti- 
mating the importance of causes by their consequences, this invention must 
surely be regarded, if not as the very proudest, at least as one of the proudest 
monuments of mental conception. 

The stupendous effects which, during the short period of one century, have 
resulted from the application of this power, are striking attestations of the value 
of the labours employed in the invention. By the agency of steam, the seas 
are now natdgated in defiance of winds and tides ; the earth made to yield up 
in lavish abundance its metal and mineral treasures ; vast marshes are drained, 
and land, before barren, rendered fruitftd ; communides are brought into closer 
connexion with communities ; fresh and inexhaustible sources of wealth and 
comfort are elicited; new combinations of human industry and ingenuity 
brought into requisition ; knowledge is widely scattered abroad by the extension 
of letters ; distance is lessened by velocity of locomotion ; and time itself 
become more precious and invaluable. Thus, by infinitely enlarging the sphere 
of useful action to whatsoever was useful before, and by difiusing among 
millions what previously was attainable only by the few, it has wrought a 
change of aspect in kingdoms, in commerce, and the individual relations of 
society, to an extent so wide, and in a time so brief, too, that the history of the 
world affords no parallel to it in influence. Personal loss and injury to a large 
class of industrious artificers may have arisen from the emplojunent of steam 
power, (the substitution of any mechanical power for human labour is always 
partially attended with this calamity ;) yet, painful as the fact is, the amount 
of temporary suffering so caused must not be put into the scale tvith the pro- 
digious advantages mankind in the mass will inevitably derive from that sub- 
stitution. The humane but short-sighted policy of those who object to the 
steam-engine on tliis accoimt must not be permitted to cripple its advantages 
from a mere visionary apprehension of an evil supposed to be irremediable. 
The advantages of the few must always yield to the advantages of the many. 
But are means to requite the injury so produced beyond reach ? — they may not, 
perhaps, be readily seen, yet they nevertheless exist: invariably does some 
retributive good spring from what is at first considered an irreparable wrong, 
and the balance becomes again restored by other operations of the same cause 
which fof a brief season partially disturbed it. If the materials which nature 
has supplied to engage the genius and industry of men were nearly used up, 
then, indeed, there might he some ground for alarm ; but she is, and must ever 
continue to be, inexhaustible. Every improvement, every novelty in science 
or in art, is the fertile parent of new wants ; new demands give birth to new 
supplies ; and every advancing step taken in the endless field before us leads 
on to some fresh advantage once hidden from our view, requiring new energies 
and new labours, and amply compensating for the partial mischief such advances 
have occasioned. 

It is not only as a prime mover that the importance of the steam-engine is 
to be regarded ; collateral branches of mechanical art have grown out of it, 
which, in theinreciprocating effects, have contributed much to its influence ; and 
thus so illimitable is its adaptability, and so obedient to control, that it can be 
brought alike to rend rocks asunder, or to weave into^elicate fabrics the fragile 
thread of the silk-worm ; accompli^tojg marvels in the diversified ranges of 
manufacture, with such ease, precision, and celerity, that the very fictions of 
old enchantment seem but the type and symbol of its potency. As the im- 
provements made from time to time in its structure and operations have led to 
improvements in its application, and as it is daily advancing in simplicity and 
perfection by the contributions of the learned theorist and the practical artisan, 
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no limits can be assigned to the sphere of its usefulness, nor can conjecture 
measure the amount of benefit which, directly and indirectly, must accrue to 
society from its extended employment, — at least until some greater or cheaper 
power be discovered, whenever that may happen. 

The power of the steam-engine is derived from two causes : first, from the 
property of water to expand itself in bulk under the action of heat ; and, 
secondly, from the sudden reduction (whilst in this expanded st.ite) to its original 
bulk upon the application of cold. 

Water, when heated to the boiling point (212° of Fahrenheit’s thermometer), 
remains no longer liquid, but assumes the aeriform and highly elastic state of steam 
[see article Steam] ; and if whilst in this state, and contained in a closed vessel, 
it is submitted to the action of still more highly increased heat, it becomes yet 
more rarefied, and exerts an increased pressure on the sides of the vessel cor- 
responding to the degree of heat applied to it. This degree of heat may he 
augmented until the pressure of the steam overcomes the strength or resistance 
of the vessel, and bursts it in pieces. A power is thus posithely obtained by 
the force of pressure from within. 

The application of any cold body to steam again restores it to its original 
condition of water by condensation ; and a power is negatively obtained 
from this property by the force of pressure from without. If a small 
quantity of water be brought to the boiling point in a weak vessel, and the air 
which it contained be allowed to escape, so that its capacity shall be entirely 
filled with steam alone, the condensation of steam by cooling will reduce the 
water to its original volume, and leave a void in the vessel equal to the space 
previously filled with air. "The pressure of the atmosphere (very nearly fifteen 
pounds to the square inch) will then exert itself upon the external sides of the 
vessel, which, if too weak to resist such a force, will become necessarily 
crushed together. Again : if the vessel be of a cylindrical figure, closed at the 
bottom, and its open top fitted with a movable piston (in contact with the 
water partially filling the cylinder), the piston will be raised as the steam 
becomes generated; now, if before the piston arrives at the top, the fire be 
removed, and cold be applied to the sides of the cylinder, the steam, becoming 
thereby condensed, leaves a void which is instantly filled up by the descent of 
the piston acted upon by the atmosphere pressing upon its exposed surface 
without. 

Whatever may be the construction of a steam-engine, every modification of 
it derives its power from one or other of these two principles, or from both in 
combination. 

The two tables given for greater perspicuity in the next page — the first being 
the result of a series of experiments made by Dr. Dalton, the second supplied by 
the Royal Academy of France, in their report upon the comparative degrees of 
safety between high and low pressure engines — are inserted, as being not only 
essential to the working engineer, but interesting to the general inquirer : they 
differ in no very material point with other calculations that have been made, and 
are quite near enough to be adopted as a standard for guidance in practical 
operations. 

The onjrin of this invention became, long ago, a matter of earnest inquiry ; 
the conception and contrivance of a machine of such rare importance 
becoming points of great interest to the scientific world. Posthumous fame, 
though it may be a stirring incentive to the living, is of little consequence to 
the dead ; still it is a creditable sentiment to desire to render homage where it 
is truly due, and to invest with honour the names of those whof by their illus- 
trious acts, really deserve it. But where nations themselves become exalted by 
the achievement of an individual, that sentiment is often accompanied by unbe- 
coming prejudices, which warp the judgment, and convert the enquirer into a 
jealous partisan. Sharp controversies are originated and maintained in an 
unbrotherly spirit, and truth, already mystified by thg veil of time, becomes 
more difficult of attainment than ever by the very efforts of the disputants 
themselves. 

French writers affirm that to their country belongs the glory of first inven- 
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Fig. 1. 


tion ; English authorities deny the claim, and insist that it belongs to theirs. 
Others, on the contraiy-, refuse it to both; and, referring to the disclosures made 
in the works of scientific men who existed in remote times, pronounce judg- 
ment, some in favour of Egypt, and some of Italy ; whilst, in reality, the steam- 
engine, growing, as it has done, in gradual forifiation and perfection, under the 
contributions of men of genius living in different countries and at different 
periods, may in strictness be regarded rather as the elaboration of an age than 
as the sole product of any one master-mind. 

The first person we find in the records of antiquity now open to us as an 
experimentalist upon steam, is Hero the Elder, the son of a Greek, settled at 
Alexandria, who flourished about 130 years before the Christian era. In his 
work entitled Spiritalia, he describes, among other ingenious machines, three 
modes in which steam might be employed as a mechanical power : — to raise 
water by its elasticity ; to elevate a weight by its expansive force ; and to pro- 
duce a rotatory motion by its reaction on the atmosphere. Toy-like as they 
appear, they deserve illustration. 

Fig. 1. On the lid of the box, or cistern a, 
containing water. Hero placed a globe c, 
also partly so filled ; a pipe e rises from the 
cistern into the globe. Another pipe i pro- 
ceeds from the globe, terminating over a 
v^e m, and the vase itself communicates 
with the cistern by a pipe n. When the 
sun-beams fall on the globe, they heat the 
water, and raise vapour ; this, by its expan- 
sion, forces the water through the syphon i, 
which, trickling into the vase m, is again 
conducted by the pipe n, placed within it, 
into the cistern. When the sun-beams are 
withdrawn, and the surface of the globe 
cooled by the surrounding air, the vapour within is condensed, and, by this 
means, a void is left in its upper part : the pressure of the atmosphere now 
forces the water in the cistern up the pipe e, to replenish it; and the same 
operation of forcing water commences, when the sun’s rays, falling on the sur- 
face of the globe again, heat its contents. Here, almost under any circum- 
stances, the effect could have been but trifling ; but in the second. Fig. 2, where 



Fig. 2. Fig, 3. 



the heat from a lamp or fire is substituted in the place of that nro d’ 
from the sun, the power would not only be more available, but less hypotheticaf 
A caldron a has a pipe c, (arising from its lid) shaped at its upper end cun-wise’ 
for holding the ball or hollow sphere o. A fire being made under the cLlmn’ 
tlm steam rising from the water which it contains flows through the nine and 
lifts up the baU placed m » to a height proportioned to the force of th^^st’eain 
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Fig. 3 shows the mode by which a small globe is made to revolve on its axis. 
Two pipes, a c, each having its upper extremity bent towards the other, rise 
from the cover of the caldron o ; one of these, o, acts merely as a pivot, the 
other, a, conducts steam, raised in the boiler, into the hollow globe i. This is 
suspended between them by having the steam-pipe a inserted into it, and is 
kept in its position by the pivot formed at the end of the opposite pipe c. Two 
hollow pipes n, also bent at right angles at their extremities, are inserted at the 
circumference of the globe, and form a communication between the caldron 
and the atmosphere. Heat being applied to the bottom of the caldron, 
the steam issuing through the vertical pipe a into the globe i thence finds an 
exit from the arms n, and, by the reaction of the air, makes the globe revolve 
on its axis with great celerity, “ as if it were animated from within by a living 
spirit.” 

Here, then, do we find the two properties of steam, expansion and contrac- 
tion, recognised and applied almost two thousand years previously to the time 
of their being availed of for any efficient purpose. Scientific baubles, to he 
sure, were these contrivances ; but in them we have the undoubted germs of the 
vast and extensive power which its present modification permits. Hero, in his 
Introduction, professes to have made himself acquainted with the works of his 
predecessors and contemporaries, and, admiring their simple ingenuity, and 
unwilling that such fine inventions should perish or be overlooked, describes 
them, that they may he better and more generally understood. So that these 
very properties of steam may have been, and probably were known long prior 
to the time in which he flourished. 

The next attempt of which history apprises us, to reduce steam to an 
agent of power, is described in a work by Soiomon de Caus, an eminent 
French mathematician and engineer, published in 1615, entitled, Les Rauons 
des Forces mouounles avec divers Desseins_ de Fontains. The following descrip- 
tion will explain the principle of his device. 

The caldron a is furnished with two 
pipes, b e, the latter of which reaches 
nearly down to the bottom of a. The 
pipe b is furnished with a cock d and 
fiinnel c. The vessel being nearly filled 
with water, and the cock d shut, fire is 
applied, as in Hero’s vessel Fig. 2, and 
the steam, pressing on the surface of the 
water, forces up the lowermost portion 
through the tube e to a height propor- 
tioned to its temperature. 'This is, cer- 
tainly,, another step in advance ; but 
without wishing to disparage the inge- 
nuity of De Caus, it may be doubted 
whether the notion is really his own; 
for in his dedicatory address to the 
French king, he invites His Majesty’s, 
especial attention, not so much to effect 
produced by this operation of the steam, 
as to his happy device of increasing the 
spn’s influence on his apparatus by the 
intervention of the lens — a charcoal fire 
being far too simple an affair to catch his 
regards. He was well aware that the 
steam generated from boiling water 
became condensed into its pristine state 
of water on being cooled, and to “ juste- 
ment la mesme quantity but the know- 
ledge of this fact* appears to have 
provoked no further speculation in his 
mind. 



De Caus's Engine, 1015. 
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In 1629 Branca, an Italian architect and engineer, publislied a book, in 
which he describes a novel application of steam. His illustration is ingenious 
and pretty ; for, substituting the human head and face in lieu of the cover of 
Hero’s caldron (as shown in the cut), he conducts a tube to and beyond the 
lips of the figure through which the steam passes, and acts on the vanes of a 
wheel that is thus made to revolve on its axis by the impetus of the escaping 
steam, and so give motion to other wheels conneeted therewith. This certainly 
conveys the first published idea of employing steam as a prime mover ; but 
whiht one writer is disposed to concede to him the merit of a first suggestion, 
another, again, regarding his book as containing a collection of machines 
invented by others, assumes it to be “ an idea of which he is only the mere 
illustrator.” It is obvious that the force obtained from steam so applied, would 
be very slight, even had the notion been carried into practice. 

It will have been seen, then, from this hasty narration, that up to this 
period, — Branca’s publication, in 1629, — none of the experiments made with 
steam had led to a conception of its gigantic capabilities ; nor, subsequent to 
that date, until up to the middle of the seventeenth century, have we any further 
records of its advances. 

Wenow, however, arrive at a new and memorable epoch in the history of the 
engine ; namely, the experiments and disclosm-es made by the Marquess of 
Worcester, about the middle of the seventeenth century. In 1663 that 
nobleman published his extraordinary book, the Century of Inventions, 
giving a brief account of one hundred devices of his inventive genius. Amongst 
these inventions, (numbered 68,) appears the description of a fire water-vrork, 
which is here transcribed. [Note. The original manuscript of this work, 
written in the year 1655, is now preserved in the British Museum.] 

“ An admirable and most forcible way to drive up water by fire ; not by 
drawing or sucking it upwards, for that must be as the philosopher calleth it 
intra sphcerani activitatis, which is but at such a distance. But this way hath no 
bounder, if the vessel be strong enough ; for I have taken a piece of a whole 
cannon, whereof the end was burst, and filled it three quarters full of water, 
stopping and screwing up the broken end, as also the touchhole, and making a 
constant fire under it ; within twenty-four hours it burst, and made a great 
crack : so that, having a way to make my vessels, so that they are strengthened 
by the force within them, and the one to fill after the other, I have seen the 
water run like a constant fountain-stream, forty feet high : one vessel of water, 
rarefied by fire, driveth up forty of cold water, and a man that tends the work, 
is but to turn two cocks, that one vessel of water being consumed, another 
begins to force and refill with cold water, and so successively, the fire being 
tended and kept constant, which the self-same person may likewise abundantly 
perform in the interim betw'een the necessity of turning the said cocks.”. 

It may be supposed that the Marquess, with a mind so ardently disposed to 
mechanical projects, had made liimself acquainted with the attempts of his 
predecessors to employ steam as a motive force ; it is plain, however, that he 
must have made advances and discoveries upon the subject far beyond those of 
other philosophers who had gone before him. He speaks of his contrivance as 
a power inherently without bounder, and only limitable by the weakness of the 
vessels that confine it. Its vastness and docility to human control (of which no 
experimenter before his time ever appeared to have considered), were evidently 
well appreciated by him, and must have been demonstrated to him by practical 
results. This assumption is supported by the manuscript prayer found after his 
death among his lordship’s papers, entitled by him, “ The Lord Marquess of 
'Worcester’s ejaculatory and extemporary Thanksgiving Prayer, when first with 
his corporal eyes he did see finished a perfect trial of his water-commanding 
engine, delightful and usefill to whomsoever hath in recommendation either 
knowledge, profit, or pleasure.” 

Unless the Marquess’s veracity is doubted, it is pretty clear, therefore that an 
engine (rude of contrivance it may be,) was actually constCUcted by him’ to raise 
water by the repellant powder of steam. He speaks of having “ seen the water 
run hke a constant fountain-stream and of the force produced and its 
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extent — “a s\xcam forty feel high ; one vessel of water rareflea by fire drawetli 
up forty measures of cold water.” “ His hating a way to make his vessels,” so 
that they are strengthened by the force within them, and the one to fill after the 
other, is not to be regarded as the conjectures of an ardent mind, raerely 
because the results of his expefiments are dechired to be consequent upon the 
mode of construction; “so that having a way, I have seen,” and so on. Many 
attempts have been made to reduce the meaning of this celebrated descriptioj' 
into some appreciable form ; but as it, like the greater part of his other descrip- 
tions, is (perhaps purposely) mysterious, designed rather to provoke attraction 
than to afford a clear conception of a great mechanical invention, no wonder 
such attempts have been mostly unsatisfactory. The “ forcing and refilling,” and 
the “ strengthening of a vessel by the force within,” would seem, when taken 
in an unrestricted sense, to be manifest absurdities, and no conjecture yet offered 
has sufficed to exphiin away the error which his inexplicit announcement 
conveys. An illustration of his possible meaning has been ofl’ered by a writer 
(Mr. Galloway) on this subject in the following figure and description. 
(See Galloway and Hebert's History and Progress of the Steam-engine.) 



The Marquess of Worcester s Engine, 1C63. 


In this figure a represents the boiler, composed* of arched iron plates, with 
their convex sides turned inwards ; they are fastened at the joinings by bolts 
passing through holes in their aides, which also pass through the ends of the 
rods i i i, a series of»which rods extend from end to end of the boiler, being a 
few inches apart. The ends of the boiler are hemispherical, and are fastened 
to flanges on the plates h li h h. It will be evident that, each plate being an 
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arch, before the boiler can burst, several, if not nearly all the rods ii, must 
either be pulled asunder or torn from the bolts at the points of junction ; and as 
the strength of the rods and bolts may be increased to any extent, without 
interrupting the action of the fire, there can be no doubt that a boiler might be 
so constructed as to be perfectly safe under anypressure which could be required 
for raising water to a given height, because the pressure in such a boiler will 
never exceed the weight of a column of water equal in height to the elevation 
of the cistern, be represent two vessels, which communicate with the boiler a, 
by means of the pipes and three way-cocks m w, and with the reservoir from 
which the water is to be drawn b}' the pipes 1 1. g g are two tubes, through 
which the water is elevated to the cistern ; they reach nearly to the bottom of 
the vessels b c, and are open at each end. The pipe as well communicate 
with the vessels hc\>y means of the three way-cocks 'm n, which, by moving the 
handles op, can be so placed, that either tl»e steam from the boiler, or the water 
from the reservoir, sh^i instantly have access to the vessels h c. 

Fire having been kindled under the boiler a, in the furnace “ the man who 
tends the work ” places the cock n in the position represented in the drawing, 
when the water will have free access from the reservoir to the vessel c, which 
being filled, the handle p is turned back, so that the cock shall be relatively in 
the position shown at m; the steam then fairly enters through the pipe /I into 
the vessel c, and having no other mode of escape presses on the su^ace of the 
water, which it forces up through the pipe g. During this operation, (the 
cock m having been placed as shown at n) the vessel b is filling from the 
reservoir, through the pipe I / so that the water in the vessel c being consumed, 
the man turns the handle o of the cock p, and admits the steam on the surface 
of the water in shutting off, by the same operation, the communication 
between b and the reservoir ; the other then begins to repeat the act of jUliiig 
the cis/erw, “and so successively, the fire being tended and kept constant/^ 

This conjectural device may serve to convey an idea of the Marquess’s am- 
biguously-described invention. No model or i*awing of the apparatus actually 
propped by him has been discovered, so that any attempt at explanation must 
be left entirely to the imagination, assisted as it now is by the discoveries sub- 
sequently made; beyond the mere announcement conveyed in the 68th item of 
his century, the labours of the Marquess upon the power of steam were intrin- 
sically Valueless, excepting in so far as they may have stimulated succeeding 
experimenters. He unquestionably conceived a great design, and declared its 
execution, but he left no beacon for their guidance and assistance : he was evi- 
dently a m w of much know ledge and ingenuity ; but the apparent extravagancies 
scattered throughout his work, coupled with the bombast and obscurity of his 
expression, must have excited sceptical doubts, and given sanction to the 
suspicion then entertained of his capacity to realize his schemes. Several of 
tn^ appeared to he in direct opposition to the rules of science then established 
ana weii understood, and his account partook too much of the marvellous, to 
confidence of his learned contemporaries, or that public encouragement 
which he importunately solicited, but failed to obtain. The Century of Inven- 
tions was published three years after the formation of the Royal Societv and 
the^time of Mr. ^yle, Dr. Hooke, Dr. Wallis. Sir Christopher Wren, 


wimuever uugut uaye oeen Us prejudices. It IS not surprising, therefore' that 
with such pompously announced and unintelligible projects, he^ould defeat W 
own object to obtain public patronage, nor that he should have m a 

the “ fantastic mechanic,” w^ich 'Walpole calls him. ‘='>”sidered 

Nevertheless, his account of the “ fire-water work” must be taken fh fl . 
veritable record of the steam*engine, as at least a power unthouf j 

its author be ascribed the honour of suggesting it as such, 

In 1683 Sir Samdei. Morland, the son of a Baronet of tbp 
submitted to Louis XIV., of France, a contrivance for raising water 
of steam. No record remains of his apparatus, but as the account * u 
him in his manuscript, among the Harleian papers, affords ample f 
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hia knowledge as to the application and force of steam, it is but just to include 
it in this sketch. It is written in the French language, and may be thus 
translated. 

“ The principles of the new power of fire, invented by the Chevalier Morland 
in the year 1682, and presented to his most Christian Majesty, 1683. — Water 
being evaporated by the power of fire, the vapour shortly acquires a greater 
space (near 2000 times) than the water occupied before ; and were it to be al- 
ways confined, would burst a piece of cannon. But being well regulated accord- 
ing to the laws of gravit}’, and reduced by science to measure, to the weights 
and balance, then it carries its burdens peaceably, (like good horses,) and thus 
becomes of great use to mankind, particularly for the elevation of water, ac- 
cording to the following table, which marks the number of pounds which may be 
raised 1800 times per hour, by cylinders half full of water, as well as the different 
diameters and depths of the said cylinders.” 

The tables need not be given, but his calculations upon the force of steam are 
very correct, and evidently the result of great care. 

In 1698, Captain Thomas Saverv obtained a patent for a new invention for 
raising water and occasioning motion to all sorts of mill-work, by the impellant 
force of fire ; aud the patent states that the invention will be of great use for 
draining of mines, serving towns with water, and for working all sorts of mills. 
Previously to the date of this patent, he had erected several machines, of which 
an account is given by him in a book entitled The Miner's Friend, published 
in 1702; and in June, 1699, he showed a working model of his engine to the 
Royal Society ; and in their Transactions for that year (No. 253, Vol. XXI.) 
there appears tlie following register : — 

“ Mr. Savery, June 14th, 1699, entertained the Royal Society with showing 
a small model of his engine for raising water by the help of fire, which he set 
to work before them ; the experiment succeeded according to expectation, and 
to their satisfaction.” 

This is accompanied by a copper-plate figure, with references, by way of de- 
scription, from whence it appears that the engine then shown by Captain Savery 
was for raising water not only by the expansive force of steam, like the Mar- 
quess of Worcester’s, but also by the condensation of steam, the water being first 
raised by the pressure of the atmosphere to a given height from the well into the 
engine, and then forced out of the engine up the remaining height, by the ex- 
pansive force of steam, in the same manner as proposed by 3ie Marquess. This 
action was performed alternately in two receivers ; so that while the vacuous space 
formed in one was drawing up water firom the well, the pressure of the steam in 
the other was forcing up water into the reservoir ; but both receivers being sup- 
plied by one suction-pipe and one forcing-pipe, the engine could be made to 
keep a ■continual stream, or so nearly so, as to suffer very little interruption.' 

The following figure and description, nearly in Savery’s own words, wiU illus- 
trate the nature of his engine. 

The first thing is, to fix the engine in a good double fornace, so contrived that 
the flame of your fire may circulate round and encompass your boilers, as you do 
coppers for brewing. Before you make any fire, unscrew G and N, being the 
two small gauge pipes and cocks belonging to the two boilers ; and at the holes 
fill L, the large boiler, two-thirds full of water, and D, the small boiler, quite 
fulL Then screw on the said pipes again, as fast and as tight as possible. Then 
light the fire at b, and when the water in L boils, open the cock of the first ves- 
sel P, (shown in section,) which makes all the steam rising from the water in L, 
pass with iri^sistible force through O into P, pushing out all the air before it 
through the clack R ; and when all is gone out, the bottom of the vessel P will 
be very hot ; then shut the cock of the pipe of this vessel, and open the cock of 
the other vessel P, until that vessel has discharged its air through the clack R 
up the force-pipe S. In the mean time, a stream of cold water [supplied by a 
pipe connected with the discharging pipe, but not shown in the cut,] has been 
made to pass over the outside of the vessel P, which, by condensing the steam 
wititin, a vacuum or emptiness is created ; so that the water from the well must 
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and will necessarily rise up through the sucking-pipe, (cut offhelow M,) lifting 
up the clack M, and filling the vessel P. 

The first vessel P being thus emptied of its air, open the cock again, and the 
force of steam from the boiler presses upon the surface of the water with an 
elastic quality like air, still increasing in elasticity or spring, till it counterpoises 
or rather exceeds the weight of water ascending m the pipe S, out of which the 
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contained water will he immediately discharged when once gotten to the top, 
which takes up some time to recover that power; but having once got it, and 
being in work, it is easy for one that never saw the engine, after half an honr’s 
experience, to keep a constant stream running out the full bore of the pipe. On 
the outside of the vessel you may see how the water goes out, as well as if the 
vessel were transparent ; for as far as the steam continues within the vessel, so 
far is the vessel dry without, and so very hot as scarcely to endure the least touch 
of the hand. But as far as the water is, the said vessel will be cold and wet where 
any water has fallen on it, which cold and moisture vanish as fast as the steam, in 
its descent, takes place of the water ; hut if you force aU the water out, the steam, 
or a small part thereof, going through P, will rattle the clack, so as to give 
sufidcient notice to change the cocks, and the steam will then begin to force upon 
the other vessel, without the least alteration in the stream ; only sometimes the 
stream of water will be somewhat stronger than before, if you change the cocks 
before any considerable quantity of steam be gone up the clack ft: but it is 
better to let none of the steam go off, for that is losing so much strength, and 
is easily prevented by altering the cocks some little time before the vessel is 
emptied. 

The wood-cut represents two reservoir^ P P, designed for alternate action ; the 
tube E conveys water from the discharging pipe, to replenish the boiler L, when 
the water in it begins to be almost consumed ; and this is done by keeping D 
supplied with water, and ^fighting the fire at B) generating a suiiiciency of 
steam to press the water into L, through the pipe K. This ryill convey a 
tolerably correct idea of Savery’s engine, and the mode of its operation. He 
gives no proportions of its parts, nor perhaps had he established any rule of 
action. He appears to have considered the strength of his machine to be the 
only limit to be observed ; “for,” says he, “ I will raise you water 500 or 1000 
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feet high, could you find us a way to procure strength enough for such an 
immense weight as a pillar of water of that height. But my engine, at 60, 70, or 
80 feet, raises a full bore of water with much ease.” 

The structure of this engine presents a good deal of rude and primitive 
simplicity ; but at all events, his*elaims to original invention, in applying the tii'O 
great forces of steam — its expansion and contraction — and in presenting the 
world with the first effective steam-engine, under this combination, are of the 
higliest class. These claims begat, as might be supposed, a good deal of 
detraction ; and Savery has been assailed with much more severity than justice. 
The limits of an article of this kind will not admit of a detailed narration of 
the attacks brought against his reputation as an inventor ; it is, however, 
sufficient to notice, that Dr. Desaguliers accuses him of plagiarising the ideas of 
Lord Worcester; and in support of this alleged act of dishonesty, broadly 
charges him with buying up and destroying all the copies of the Marquess’s 
book. But it will have been seen that the account therein given of the “ fire- 
water work,” rather contains more to puzzle than to enlighten the mechanic, 
'oeyond the mere announcement of steam in its expansive state being available 
as an effective mechanical force. Not a word implies the action of steam under 
condensation, which constitutes the chief merit of Savery ’s invention, (apart from 
tlic credit of having constructed and published a working engine) ; nor is there 
the remotest suggestion conveyed for the fabrication of a machine similar to that 
which the Marquess vaguely described. The evidence as to buying up the 
copies of his lordship’s work is exceedingly slender ; but if it were undeniable, 
it would attest but a venial act of personal vanity on Savery’s part. 

The accusation, however, is important to Savery’s fame, by indirectly 
supporting his claims to originality ; for, at the same period that he was 
prosecuting his efforts. Dr. Denys Papin, a Frenchman of considerable eminence, 
was engaged in experiments and attempts of a similar tendency. Savery could 
buy up the Marquess’s books, but he could not buy up Papin, nor the results of 
that philosopher’s speculations, originated by the Marquess of Worcester. 

Papin had invented a mode of softening bones, by submitting them to the 
action of steam of high temperature, in a boiler or digester, which ultimately led 
him to the consideration of steam as a motive force. In 1685, he exhibited a 
model of a machine for raising water, and “propounded it as a riddle, to 
stir up those that are ingenious in the same kind of learning, and make them 
find sometimes better things than what is propounded,” He subsequently gave 
a description of this model, from which it appeared that the water was raised by 
rarefying the air in the vessel into which it was impelled, by the pressure of the 
atmosphere on the water in the cistern. The mode by which he rarefied the 
air was carefully concealed. In two of the solutions given, the same effect was 
produced by condensing it. Though a person of great reputation in England, 
he was not successfiil in his attempts to obtain encouragement in carrying his 
suggestions into effect. In 1 687 he was employed to erect machines constructed on 
his principle, for draining mines ; but the result, as predicted by Dr. Robt. Hooke 
and others, was an entire failure. After a number of ingenious plans proposed 
subsequently, and the application of gunpowder for producing 'a vacuum, he at 
length conceived the possibility of effecting the object in view, namely, draining 
mines, by means of condensing steam in a cylinder, and so producing the 
vacuum he had in vain essayed to form by other modes. 

In the description given by him, he proposes to withdraiv the fire from the 
apparatus, after it had generated the steam therein, in order that the air shall 
cool the cylinder, and condense the steam. Here then was Papin h.overing upon 
the threshold of a mighty discovery, and forsaking it as soon as reached ! Fine 
as we may now consider this idea to be, from its close approach to the principle 
of action in the steam-engine, we cannot justly esteem it as more than the 
transient opinion of a talented man, launched, probably, as a “ riddle ” for 
others to solve. Frustrated in his prior attempts to execute the projects of his 
mind, throughout a Ijng career of experimenting, he seems to have hesitated on 
the very verge of success ; this, surely, he had never done, if he could have 
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persuaded himself that the belief he then put forth iu the possible contrivance of 
a machine on this principle, were well-grounded. Mere visionary scheming is 
a very different affair from that of effectuating a well conceived design and 
this undigested thought detracts nothing from the merit due to Savery for 
having likewise conceived it, and given to the wbrld evidence of its value, by its 
practical adaptation. Papin narrowly escaped the accomplishment of a great 
discovery, and nothing more ; and in saying this, let it not be supposed that we 
estimate lightly the great talents he unquestionably displayed ; he was a man of 
high celebrity, and much estimated by his learned contemporaries. Through 
Leibnitz he, at a subsequent period, became apprised of Savery ’s success. That cele- 
brated person, on his return to Germany, forwarded to him a copy of the Miner s 
Friend, and desired to have Papin’s opinion on its merit. Then it was that 
Denys became incited to recur to bis former notion ; acting under the patronage 
and with the assistance of the Landgrave of Hesse, he subsequently, in 1707) 
produced the engine known by Papin’s name. From the following description 
and figure, it will be seen to differ most essentially from Savery’s, to which, after 
all, it is far inferior, as well in contrivance as in power. 



The boiler n has a pipe b, closed by a lever valve, through which it is sup- 
plied with water ; the pipe d connects it with the forcing vessel f. z is an iron 
cylinder, lying in a cavity made in a hollow floater, and which may be inserted 
through the orifice ff, made in the top of the forcing vessel, and closed by a valve 
which is kept in its position by a weight hung on the end of the lever, x, a 
funnel, through which water is introduced, and closed by a cock A; the pipe A 
is a continuation of the forcing vessel/, and is inserted in the reservoir and air 
vessel m. o, a pipe conducting the water which has been forced' into the air 
vessel, to its destination. 

The steam from the boiler,o, flowing through the pipe d, presses the floating 
piston downwards, and the water beneath it^s thus forced up the pipe A into the 
forcing vessel m ; when the floating piston has reached the limit of its move- 
ment, the cock d is turned, to shut off the further flow of ^team into the forcing 
vessel, and the vapour is allowed to escam from /, by the cock e ; at the same 
moment the valve h is turned, which allows the water in the feeder x to flow 
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intoy; Mid raise up the piston, the water in k being prevented from descend- 
ing, by the valve placed near its bottom. The opening in the lid of the forcing 
vessel, closed by the lever valve g, is for the purpose of allowing a red hot iron 
cylinder to he inserted, in order to increase the heat of the steam ; by the water 
being forced into the receiving Vessel m, the air which it contains is compressed ; 
and this is to give a greater velocity to the bsuing water. 

It has been deemed necessary to enter into these particulars, oecause the 
French authors before alluded to, who have treated of the Steam-Engine, ascribe 
to Papin and Amontons (his contemporary,) the credit which appears really due 
to Savery ; of whom they apeak as a person who merely carried into execution 
the ideas originated by their own countrymen. The preceding description of 
his engine will serve to show the real relation which the one engineer bears to 
the other. To Papin belongs the sole and unqualified merit of inventing the 
safety valee, without which the steam engine had been a fi-ightful and unmanage- 
able power ; and this alone is a distinction sufficient to s6cure to his memory 
respectftJ and honourable mention, in every work that treats of the history now 
under consideration. 

With respect to M. Amontons, there needs he no more said than that the con- 
trivance of this eminent man, known by the name of Amontons’ “ Fire-wheel,” 
was confined to the production of circular motion, by means of the alternate 
dilatation and contraction of air, and not of the steam of boiling water ; so that, 
excepting the primary cause of that motion — fire — it has no connexion what- 
ever with the subject of steam ; and, ingenious as his device undoubtedly is, it 
warrants, in reality, no farther allusion in this place. No working model ap- 
pears to have been made of it, and the computations of its power made by the 
inventor are merely assumptive. The weight of M. Amontons’ name, therefore, 
adds hut little to the evidence brought forward by such authorities, to establish 
the claim of the French nation to the honour it seeks, in this respect. 

Whilst these modifications and improvements of Savery’s engine were en. 
gaging the attention of skilful mechanics, Thomas Newcomen, ironmonger, and 
John Cawlet, glazier, of Dartmouth, ' evon, Baptists, were employing them- 
selves tc^ether in a series of experiments upon the power of steam. Newcomen 
is represented to have been an acute and sensible man, of great inventive skill, 
but possessed of little scientific knowledge. We sometimes find him called a 
“ blacksmith but perhaps the term did not at that period imply the same com- 
paratively humble calling as it mostly does at this; for Dr. Allen makes men- 
tion of “ his very good friend, the ever-memorable Mr. Newcomen, whose death 
he much regretted and from these terms it may be supposed that he enjoyed 
that rank in society, and the regard of men of eminence, beyond the mere cold 
toleration of patronage,) to which his talents entitled him : the place and time 
either of his birth or death are alike unknown. It is not stated in what degree 
his associate Cawley shared in the merits of the invention introduced in dieir 
joint names ; it would seem, however, that Newcomen, of the two, possessed the 
master-mind, for Desaguliers represents him as communicating his project to his 
^^^^l^Wend and associate Cawley, with whom he made several experiments in the year 
seventeen hundred and ten. The account, as it refers to date, is remarkable. 
At the time when Newcomen and Cawley were applying for a patent, Savery 
came forward to claim the invention as his own, on the ground that the method 
of procuring a vacuum by steam was his discovery ; and, probably fi-om pru- 
dential considerations, they were induced to make a concession, for Savery’s name 
was included with theirs in the grant, though, as it appears in the sequel, he took 
- part in the progress of their labours, beyond that of participating with them in 
’’’^e profits derived from the invention. Now, the patent granted to them in their 
three names, for this very invention, bore date 1705, Jive years anterior to fjie 
time Newcoftien and Cawley are stated by Desa^hliers to have been making 
“ several experiments,” (by which we are to infer the initiatory attempts to realize 
a crude notion, rathef than the completion of a machine already contrived,) and 
two years anterior to the date of Papin’s engine. And here it may be men- 
tioned, that the French authors have also claimed this engine as the invention of 



702 


STEAM-ENGINES. 


their covmtryman Papin ; but without any argument that calk for particiJar 
notice. 

The atmospheric engine of Newcomen (for it is usually designated by his 
name alone) was, perhaps, less a matter of original discovery than of a combi- 
nation of the inventions of others ; still, much fertility of thought was displayed 
in applying the suggestions of his predecessors to practical purposes. A fact 
connected with this part of the history of the steam-engine deserves notice. 
Newcomen, in the course of his experiments, applied to Dr. Hooke, a man of 
great eminence in his day, and well acquainted with the labours of Papin ; the 
Doctor, in a letter to Newcomen, dissuaded him from wasting his time and labour 
in any attempt to produce motion on Papin’s plan ; and the letter contains this 
very remarkable expression, “ could be (meaning Papin,^ make a speedy va- 
cuum under your piston, your work'is done.” Now, this expression betrays 
either great ignorance of the rapidity with which steam was condensed by con- 
tact with a cold body, or a conviction that Papin had been incapable of effec- 
tuating the suggestions he claimed as his own. At any rate, it proves that the 
“ discoveries” up to this time promulgated, were so irreducible to practice, by the 
statements given of them, that a learned theorist doubted the possibility, and 
acute experimentalists had been unable to accomplish the means of making those 
discoveries available to any cfiScacions extent. 

This discouraging opinion, though given by so great a mechanic, had not the 
effect of damping Ae ardour of Newcomen and Cawley, who, still acting upon 
the same leading idea, arrived at an application and result totally difierent. 
Instead of deriving their power from the force of steam under high pressure, 
their object was to make die property of steam^contraction — subservient to the 
power of atmospheric pressure, to act under more approved mechanical arrange- 
ments. To raise the piston by steam, and against the atmospheric pressure on 
its upper surface, the vapour, of course, required to be of a temperature con- 
siderably above that which was necessary to balance the atmospheric column ; 
and, in this case, the elastic force of the agent so employed became the power, 
and the property of condensation was employed as a simple means to restore 
the piston to its first position, to be similarly operated upon afresh. But sup- 
posing the space under the piston to be filled with steam at 212o, and cold 
water applied to the sides of the vessel, the vapour becomes condensed, and 
the column of air resting on the piston, presses it to the bottom of the now 
empty cylinder. If the piston be attached to one end of a lever, resting on a 
fulcrum in the centre, it is clear that the fall of the piston, depressing that end 
of the lever, must elevate the opposite end, and draw up the weight suspended 
from it. Behold, then, the outline of the atmospheric engine ! 

Note . — The famous Otto Guericke, in his Experimenta Magdehurgica, 
(1672), first proposes to obtain the power of atmospheric pressure, by priHucing 
a vacuum beneath a cylinder ; the plan he devised was by means of an air- 
pump ; but the labour of effecting the exhaustion would be at least equal to that 
of any work which could be performed by the subsequent descent of the 
piston. 

The figure on the following page (an ideal construction), will perhaps assist 
the reader’s imagination. 

a represents the boiler; h the safety-valve; c the cylinder, open at the top, 
but closed at the bottom, in which there are three holes, d ef; e the passage 
for steam from the boiler ; d admits a jet of cold water from the reservou q for 
the condensation of the steam ; / the exit pass^e for condensed steain and 
water; h the piston, working air-tight in the cylinder, by packing: i the beam 
or loggerhead, for the purpose of transmitting the motion of the piston to the 
pumps in the mine. 

A sufficient quantity of s1f3am being first formed in the boiler, the attendant 
pushes the handle or lever which he holds, down toy, which, by ’the wheels and 
band, opens the cock h, and allows the steam to enter the cylinder. The steam 
being only sufficient to equal the pressure of the atmosphere, wiU not of itself 
lift the piston and loggerhead ; it is therefore necessary that some means should 
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be adopted to aid its ascent. This is done by means of the weight or Counter- 
poise 1; so that by the force of the steam and gravity of the counterpoise, the piston 
is elevated to the top of the cylinder, and forces down the pump-rod m into the 
pump below. When this is effected, the attendant returns the handle to its 
original position (shown in the eut), which prevents the admission of more steam 
from the boiler, and, at the same time, opens the cock n, so as to admit a small 
quantity of cold water from the reservoir g into the cylinder ; this, by dispersing 



Newcomen’s Engine, 1705. 


itself among the steam, almost instantly condenses it, so that a void is at once 
obtained ; and the pressure of the atmosphere meeting no longer with resist- 
ance, presses upon the external surface of the piston, and, by its descent to the 
bottom of the cylinder, raises the pump bucket in the mine. The handle is 
again depressed toy, which allows fresh steam to enter the cylinder and elevate 
the piston as before. To prevent the accumulation of water in the cylinder, 
the eduction pipe o is of such length that the w’eight of a column of water 
within it exceeds that of a column of the atmosphere : so that it runs off by its 
own gravity. ^ 

1 he nature of atmospheric pressure is so well understood at the present day 
that a minute explanation of the operations of this engine is unnecessary • but 
Its losses in the first stages of its structure deserve observation. 

The pressure of the air seldom exceeds HJlbs. per square inch; and sup- 
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posing the area of a piston in one of these engines to have been 100 inches, it 
■would have lifted at each stroke 1475 lbs. of water in the mine, to a height equal 
to the length of the cylinder in clear cavity. But an enormous deduction from 
this power was to be made, especially in the first engine. The mode of efiecting 
a void in the first instance, was by throwing cold water on the cylinder when 
filled by steam ; at a subsequent stage, this mode was abandoned, and the 
cylinder was surrounded by cold water, by means of an outer cylinder being 
adapted to it, — the space between them becoming the condensing medium. 
Superior as this latter method was to the former, the result, in either case, was 
necessarily attended with much loss and inconvenience. From the cylinder 
being placed above the boiler, it was obviously impossible, in the original con- 
trivance, to protect the boiler ft’ora being splashed by the water thrown on the 
cylinder, and so far cooled as that a considerable portion of the steam therein 
must have been itself condensed and rendered ineffective ; and in the improved 
means, the water which cooled the steam became likewise heated in the pro- 
cess, and, consequently, unfit to produce the effect which it was introduced into 
the concentric space to perform. The formation of a perfect void, even then, 
could neither be certain nor instantaneous. When the void was imperfect, the 
vapour that remained in the cylinder resisted the weight of the atmospheric 
column ; and if this resistance amounted to three or four pounds on the square 
inch, so much, of course, was to be deducted from the total pressure of the air 
on the piston. Besides, the water from which the steam was generated contained 
more or less air, which boiling disengaged, and this entered with the vapour 
into the void, when made ; the steam with which it was mixed could be con- 


densed, but not so the air, which, remaining in the cylinder, prevented the fall 
of the piston, by filling the space under it to a greater or less extent ; in this 
condition the engine was cwed tmndrlogged. These defects, in combination 
with the great amount of friction and expenditure of time, caused necessarily 
a vast loss of power. But nevertheless, the great superiority of the atmospheric 
engine, as thus contrived by Newcomen, to Savery’s engine (as well as the entire 
difference in respect of principle,) will be at once seen, Savery’s was really an 
engine which raised water by the elastic force of steam ; but Newcomen’s effects 
that object by the pressure of the atmosphere alone, steam being used simply 
as the means of readily forming a void into which the atmospheric pressure 
impels the first mover. There is, besides, in this engine, none of the danger 
incident to the use of a highly elastic, and, in Savery’s engine, not easily 
manageable force ; and as the heat required is considerably less, so also is the 
quantity and the expense of fuel. The power, too, of the atmospheric engine, 
is almost boundless, being restricted only to the strength of the materials of 
which it is composed ; and the form of it renders it applicable to almost every 
mechanical purpose, by converting the reciprocating motion of the working 
beam into a motion of any required kind ; which, in Savery’s engine, was not so 
promptly attainable. 

By sheer accident (a hole in the piston of the steam cylinder letting in some 
of the water which was constantly kept above it, to assist its air-tightness) the 
mode of creating a void, by the injectitm of cold water into the cylinder itself, was 
at a subsequent stage discovered ; and this fortunate discovery suggested, also, 
a method of regulating the speed of the engine, when the weight on the pumps 
was variable, or the engine working against a resistance beneath its power —a 
larger or a-smaller quantity of injection water thrown into the cylinder, producing 
a less or more perfect void, corresponding with the extent of condens^ion 

Still, with aU these advantages gained, its operations were restricted bv reason 
of the constant and unremitting attention required from the person^ emploved to 
work it ; for the most unremitting care fell very short of what was dLianded 
for the perfect developmei^ of its power. When, for instance, the attendant 
opened the steam cock, he was obliged to watch the ascent of the ftislnn at 
the instant of its elevation to the proper height, it was to be a^ain auicklv shut 
and at the same moment the injection cock was to be onened • ^ • i; J 

not follow the other, there resulted a great loss of vapour or of ^ 

difficulty was further increased by the^irregular prodScSon of ftam Itseff! 
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from the varying intensity of the heat of the furnace. After the injection had 
condensed the steam, and the piston was at liberty to descend, if the communi- 
cation between the boiler and cylinder were not opened at the precise instant, 
when it had reached the limit of its downward movement, the immense weight 
on the piston forcing it into the void with a great velocity, would shake the 
apparatus to pieces. All this precision, too, was required from a mercenary 
attendant fourteen times every minute, at a hazard of the total destruction of 
the apparatus. 

If claims to the glory of first suggestion, or of original invention, are to be 
rigorously insisted upon, the name of Humphrey Potter must not be 
omitted. We are informed on the authority of Dr. Desaguliers, (and the 
statement has never been invalidated,) that “ it was usual to work with a buoy' 
in the cylindei", enclosed in a pipe, which buoy rose when the steam was strong 
and opened the injection pipe, and made a stroke, whereby' they were only able, 
from this imperfect mechanism, to make six or eight strokes in a minute, till a 
boy named Humphrey Potter, who attended the engine, added (what he called a 
scoggan), a catch, that the beam or lever always opened, and then it would go 
fifteen or sixteen strokes in a minute.” To scog, is a verb, found in ceitain 
vocabularies throughout the north of England, implying to sculk ; and this 
young gentleman, impelled by a love of idleness, or play, common to boyhood, 
and having his wits about him, after due meditation, devised this contrivance, 
by which so important an improvement was effected, and himself allowed the 
means of “ scogging” for his own diversion. 

Up to this period it may he supposed that the completion of a motive power 
had exclusively engaged the attention of scientific inquirers upon the steam- 
engine, the auxiliary details of mechanism to afford facilities of action being 
passed over as matters of less importance; hut it is obvious that the device of 
this boy, by which the atmospheric engine was nearly rendered a self-ac ting one, 
must needs have provoked instant attention. 

To prevent the accidents which arose from the neglect of the attendant, and the 
frequent derangement of the engine consequent thereupon, means were now there- 
fore contrived to make it less dependant upon his attention. Strings were applied 
to connect the handles of the cock with the beam, so that they should be turned 
whenever it was in certain positions ; these, again, W’ere gradually changed and 
improved into detents and catches of different forms ; and at length Mr. Henry 
Beighton, of Newcastle-upon-Tyne, (a mathematician and engineer,) con- 
structed what he called the “ hand geai’,” whereby motion was given to all the 
cocks and levers by a rod from the Ifeam operating upon a series of tappets. An 
engine with these improvements was erected in 1718, and was the first in 
which .a graduated lever, or a steel-yard safety-valve, was employed. 

Mr. Beighton, in the course of the previous year, had published a table of the 
proportions of the cylinders of engines to the pumps, when drawing water at 
different depths, from 15 to 100 yards, in different quantities from 48 to 480 hogs- 
heads per hour. As this table has been verified by practice since that time, 
and the particulars therein contained are of deep importance to those who are 
practically concerned, it will be found transcribed in an abridged form in the 
following page. The measures, are in English ale gallons, (each containing 
282 cubic inches,) and the allowance made for friction, &rc. reduces the atmo- 
spheric pressure from 14i Ibsi to 8 lbs. to the inch or the base of the cylinder. 

To use this table, suppose it was required to draw 150 hogsheads per hour, at 
90 yards deep; in the seventh column seek the nearest number, viz. 149 
hogsheads, ayd against it, in the first column, is found a pump of seven-inch 
bore ; then, under 90, the depth on the right hand in the same line is given the 
diameter of the cylinder (27 inches) fit for that purpose, and so for any other. 

About three years after the publication of th§se tables, namely, in 1720, 
Leopold, the author of the Theatrwm Machinarwm Uydraulicarum, constructed 
the first high-pressure engine. With much modesty he ascribes the invention 
to Papin, on account of his having furnished the idea of applying the expansive 
force of steam for the purpose of raising water ; and also because he took the 
construction of the four-way cock to communicate alternately with two cylinders, 
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from Papin’s air-raacbine. The merit of first contrivance, however, must 
unquestionahly be conceded to Lenpold. His apparatus is unrivalled for 
simplicity, and exhibits with great clearness the method of applying steam in 
alternate action. The subjoined figure (whieh nearly resembles that given by 
Leopold) and explanation will'feuiHciently illustrate the principle. 



The boiler a communicates, by means of a four- way cock x, with the bottom 
of two open-topped cylinders, r s, having pistons, cd, moving in them. These 
pistons are fitted with lead, that they may act as counterpoises, severally, to 
the pump-buckets op ; and are attached by rods, e f, to the beams g h. To the 
opposite ends of the beams are fixed the pump-rods kl, which work two force- 
pumps, op, placed in the well, y is a perpendicular pipe, open at both ends ; 
the lower eiyl being in the well, and the upper eni bent over the cistern, t ; i i, 
the centres of the beams. ’ 

In the situation of the machine, as here represented, the steam in the boiler 
flows through the open passage into the cylinder r, and presses the piston, c, 
upwards ; this action, of course, depresses the pump-rod k, and forces tlie water 
under the plunger up the pipe q. When the steam has raised the piston c to 
nearly the top of the cylinder, the four-way cock .r is turned one-fourth of a 
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revolution, and thus opens a communication between the cylinder s and the 
boiler, and between the cylinder r and the open air. The weight of the rod/, 
(attached to the piston c,) and of the lead, in that piston, being greater than /: 
and Oj the piston descends by its gravity to the bottom of the cylinder, driving 
out the steam which raised it into the atmosphele. At the moment of closing 
the passage into the cylinder r, another passage was opened between the boiler 
and cylinder s ; the elasticity of the steam forces the piston d upwards, and / 
downwards, and produces the same effects as the action of the first cylinder. 

As the remarks naturally arising from the subject of high-pressure steam will 
be more applicable at a future stage of the history than at this, we will now 
reserve them, and proceed, as far as it is possible, in chronological order, 

Ihe atmospheric engine of Newcomen, with the great improvements by 
Beighton, and notwithstanding the valuable key supplied by his calculations, 
continued for many years in tlie stale just previously described. Modifications 
were occasionally suggested by various individuals, but of too unimportant a 
character to require particular mention. Its imperfections, however, had for along 
period excited the attention of Mr. John Smeaton, the most celebrated engi- 
neer of his day, and under his charge the engine ultimately attained, perhaps, as 
great a degree of perfection as its principle admitted. Having constant occasion 
to employ large steam-enginesin the great works he was called upon to execute, 
he directed bis mind to the removal of its defects, and particularly to the im- 
portant point of economising fuel. In calculating the proportions for an engine 
for the New River Company, in 1767, he considered that the stoppage of the 
TOter at every stroke, as well as putting the lever-beam, piston, heavy rods and 
chains, from a state of rest into motion, twice at every stroke, was a great loss 
ot power; he therefore determined to work the engine slower, and with larger 
pumps, and put upon the piston all the load it would hear. To reduce the velocity 
of the column of water still more, he placed the fulcrum of the beam out of the 
centrej and made the stroke of the piston nine feet, whilst the pump, which lifted 
36 feet, should work only with a six-feet stroke. This arrangement obliged him 
to employ a long narrow cylinder, of only 18 inches diameter, and from this he 
also expected to obtain other advantages; viz., that every part of the steam, 
emg nearer the surface of the cylinder, would be more readily condensed ; and, 
m consequence, that a less quantity of injection water would sen'e the cylinder, 
which would Itself be more heated. Under all these appearances of advantage, 
fie ventured to burden the piston with a pressure of 10.4 lbs. per inch. Thus. 

diameter,] 254 ; weight of the column of water, 36 
diameter,] 3060 lbs. ; of which take six-ninths 
Ufei hv f and it gives 2640 lbs. for the weight to be 
0 41!,7 * Pis‘ 0 "; and, dividing 2640 by 254, the area of the pis?on gives 
ttii 1 • *nch. “Having once seen a common engine struggle under 

this burden, he writes, “ I thought myself quite secure under those advaLages : 

how gi-eaf was my surprise and mortification to find, that instead of reonir- 
lafed^to common, although the injection pump was ealcu- 
ejection water as usual, in proportion to the area of 
e cylinder, with a sufficient overplus to answer all imaginable wants it ivas 
unable to support the engine with injection, and that two men were obiiied to 
assist to raise the injection water quicker by hand, to keep the engine in mftion • 
at the same time that the cylinder was so cold, I could keenmvhanri . 
part of It, and bear it for a length of time in the hot-well. By Lod fortmie the 
™gine performed the work it was appointed to do, as to the raking of Se wat^ 

but the coals by no means answered my calculation. The inipcii^/ i, ■ ’ 

enlarged, the engine was in a state of doing business, and 
experiments, but without ane^ good effect, till I altered the fid ‘n. f u 
so much as reduced the load'upon the piston from o! m S';? 

Under this load, though it shortened the stroke at the numu-i l “• 

went so much quicker as not only to raise more water ’ f 

tWiejS^arer 

work better, hut went mor; pleasantly, ^lis al rcTc^d 1 t£ JJon! 
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siderable degree of condensation of the steam took place in entering the cylinder, 
and that I had lost more this way, by the coldness of the cylinder, than I had 
gained by the increase of load. In short, this single alteration seemed to have 
unfettered the engine ; but in what degree this condensation took place under 
different circumstances of heat, and where to strike the medium, so as, upon 
the whole, to do best, was still unknown to me. But resolving, if possible, to 
make my'self master of the subject, I immediately began to build a small fire- 
engine at home, that I could easily convert into diferent shapes for experi- 
ments, and which engine was very nearly ready to set to work in the winter of 
1769. 

With this experimental engine Mr. Smeaton made a multitude of experiments, 
which lie noted down with great care in tables, and from their results deduced 
rules for the proportions of the parts of his engine : he afterwards erected many 
engines of the largest dimensions, which fully verified his experiments. It 
may be here remarked, that in the year 1765 this talented engineer made a 
portable steam-engine, for draining tbundations or other temporary works : it 
had a pulley or wheel to receive the chain, which communicated motion from 
the piston to the pump-rod, instead of a beam ; and the whole machine being 
supported in one frame of wood, shaped like the letter V inverted ; it had no 
connexion with the building in which it was placed, or it could work altogether 
in the open air. The boiler required no setting in brick-work, but was in the 
shape of a large tea-kettle, and the fire was in the centre of it, surrounded on 
all sides by the water. 

The annexed wood-cut (see page 710) and description, furnish a represen- 
tation of the atmospheric engine of Newcomen, under the combined improve- 
ments of Beighton and Smeaton. The boiler, the sucking-pump and its 
apparatus, are not given, as being unnecessary to the clear understanding of 
this contrivance. 

C the steam pipe through which the steam passes from the boiler to the 
receiver D, a close iron vessel or box, in which is the regulator, or steam-cock, 
to open and shut the communication with the cylinder F at each stroke; E the 
communication pipe between the receiver and the cylinder, rising five or six 
inches up in the inside of the cylinder above the bottom, to prevent the injected 
water from descending into the receiver ; F the cylinder of cast iron, about ten 
feet long, bored smooth in the inside ; it has a broad ilanch in the middle, on 
the outside, by which it is supported upon the cylinder beams, that extend 
across the house, and are let into the side wall ; G the piston, made to fit the 
cylinder exactly, but with liberty to slide up and down ; a Ilanch rises four or 
five inches upon its upper surface, between which and the side of the cylinder 
a quantity of junk or oakum is- stuffed, and kept down by weights, to prevent 
the entrance of air or water, and the escape of steam. H the piston shank, 
connected by a chain to the working-beam 1 1, which is suspended on its centre 
in the manner of a scale-beam. The arch ends of the beam (one only is here 
shown) are for giving a perpendicular direction to the chains of the piston and 
pump rods. N the jack-head sucking pump, for supplying injection water to 
the cistern o, and wrought by a small lever or working-beam connected to the 
great beam, o the jack-head cistern, always kept full by the pump N, and 
raised to such a height above the bottom of the cylinder F as to give the jet of 
injection a sufficient force into the cylinder. When the cock is opened, a 
waste-pipe is connected with the cistern, to carry off the superfluous water. 
P P the injection pipe, two or three inches in diameter, descending from the 
cistern o to “the injection cock r, after passing which it turns up in curve at 
the lower end, and enters the cylinder ; it has a thin plate of iron screwed 
upon the end d, pierced with three or four holes t# disperse the injection water 
within the cylinder in so many streams, for the readier condensation of the 
steam. / a small pipe branching off from the injection pipe P, to supply the 
upper surface of thft piston with water, to keep it air-tight. Q the workino- 
plug, suspended by a chain to the small arch g of the working beam • it is 
usually a heavy piece of timber, with a slit vertically down its middle and 
holes bored horizontally through it to receive pins, for the purpose of openimr 
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and shutting the injection and steam cocks, as it ascends and descends, by the 
motion of the working beam, h the handle of the steam cock or regulator ; 
it is fixed to the regulator by a spindle, which comes up through the top of the 
receiver. The regulator itself is a sectorial plate of brass, shaped like a fan, 
and moved horizontally by the handle k, and opens or shuts the communication 
at the lower end of the pipe £ within the receiver, i i the spanner, a long 
rod or bar of iron, for communicating motion to the handle of the regulator, to 
which it is fixed by means of a slit in the latter, and some pins put through to 
fasten it. k I the vibrating lever, called the tumbling-bob, having the weight k 
at one end and the two forked legs at the other, like the letter Y turned. It is 
fixed to an horizontal axis, movable about its centre pins m n, and is put in 
motion by means of the two shanks o p, fixed to the same axis, which are alter- 
nately raised and depressed by means of two pins in the working plug, and the 
bob. or weight at the top of the Y, is thrown backwards and forwards ; one pin 
on tbe outside, depressing the shank o, throws the loaded end i of the Y from the 
cylinder into the position represented in the wood-cut, and causes the leg I of 
the fork of the Y to strike against the end of tbe spanner, which, forcing back 
the handle of the regulator or steam-cock, opens the communication, and permits 
the steam to rush into the cylinder. The piston immediately rises by the weight 
of the pump rod, on the admission of the steam ; the motion of the working- 
beam I I also raises the working plug; and another pin, which goes through 
the slit, raises the shank p of the axis, which throws the end k of the Y towards 
the cylinder, and the leg of the fork, striking the end of the spanner, forces it 
forward, and shuts the regulator or steam cock, g r is the lever for opening and 
shutting the injection cock called the F. It has a rack or toothed sector fixed 
upon its axis, which takes the teeth of a pinion fixed on the top of the plug or 
key' of the injection cock. When the working plug has ascended nearly to its 
greatest height, and shut the regulator as above described, a pin catches the 
end q of the F, and raises it up, which opens the injection cock, and admits a 
jet of cold water to rush into the cylinder ; and, condensing the steam, makes a 
vacuum or void within. Then the pressure of the atmosphere forcing down the 
piston into the cylinder, causes the plug frame to descend, and another pin fixed 
tn it catches the end of the lever q in its descent, and, by pressing it down, 
shuts the injection cock ; at the same time the regulator is opened to admit 
steam, and so on alternately ; that when the regulator is shut, the injection cock 
shall be open, and when the former is open, the latter shall be shut. 11 the 
eduction pipe, to convey away the water which is injected into the cylinder at 
each stroke ; its upper end is even with the cylinder bottom, and its lower end has 
a lid or cover, movable on a hinge, which serves as a valve to let out the injected 
water, and^shuts close each stroke of the engine, to prevent the water Being 
forced .up again when the void is made. S, the hot well, a small cistern made 
of planks to receive all the waste water from the cylinder, and keep it in reserve 
for feeding the boiler, to supply the waste occasioned by the continual evapora- 
tion of the steam. T, the feeding pipe to supply the boiler with water from the 
hot well. W, the waste pipe which conducts the superfluous water from the top 
of the cylindea to the hot well S. s, the snifting valve, by which, at every 
ascent of the piston, the air is discharged from the cylinder which was admitted 
with the injection, and would otherwise obstruct the operation) of the engine. 
1 1 the cylinder beams, which are strong girders going through the house for 
supporting, or rather keeping down the cylinder, v (erroneously marked r), a 
ridge of lead surrounding the top of the cylinder to prevent the water on the 
piston from flashing over when it rises too high, a:, iron bars, called the catch- 
pins, fixed horizontally through the upper part of each arch-head of the working 
beam to strike the floor and prevent the beam descending too low, in case the 
chains at eildier end should break, cr if the engiBe makes too long a stroke. 
y y, two strong wooden springs to weaken the blow given by the catch-pins 
when the stroke is ^too long, z z, friction-wheels or sectors, on which the 
gudgeons [or centres of the great beam are supported; they are the third or 
fourth part of a circle, and move a little each way as the beam vibrates ; their use 
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is to diminish the friction of the axis, which, being necessarily very large for so 
heavy a lever, would otherwise be very great. 

To work this engine, the boiler is first filled two or three feet deep with water, 
from which steam is generated by the furnace fire, of sufficient strength to exert 
a pressure of about one pound beneath each square inch of the safety valve; 
the steam will then lift up the valve, and escape. In this condition we will 
suppose the machine to be in a state of rest, having both the steam-cock and 
injection cock shut, and just as represented in the figure. 

The man who attends the engine depresses the handle p, so as to throw the 
tumbling bob into the position there shown ; and the leg of the fork thrusting 
back the spanner i i, opens the regulators or steam-cock, when the steam from 
the boiler immediately rushes in, and, dispersing itself throughout the cylinder, 
mixes with the air contained therein ; much will be condensed by the cold 
surface of the cylinder and piston, and the condensed water will trickle down 
the sides, and run off at the eduction pipe R. This condensation will be re- 
peated until the whole cylinder and piston are made as hot as boiling water. 

When this happens, the steam will begin to open the snifting-valve s, and 
issue through the pipe ; at first slowly, and very cloudy, being mixed wkh much 
air. The blast at s will grow stronger by degrees, and more transparent, in pro- 
portion as the common air becomes exhausted. When the attendant perceives 
the engine to be ready for starting, he lifts up the handle o or p, till the tumbling 
bob Y falls over the perpendicular, towards the cylinder, and its leg, striking 
the cross pin of the spanner i, draws it forwards, and shuts the steam regulator ; 
at the same instant, he lifts up the handle q, of the F, which opens the injection- 
cock. The pressure of the column of water in the injection pipe P immediately 
forces some water through the spout d, by the jets. The cold water, coming 
in contact with some of the pure vapour which now fills the cylinder, condenses 
it, and thus makes a partial void, into which the more distant steam immediately 
expands ; and by this very expansion its capacity for heat is increased, or, in 
other words, as it grows cold, it abstracts the heat more powerfully from the 
steam situated immediately beyond it. 

In this expansion and refrigeration the steam is itself partly condensed, or 
converted into water, and leaves a void, into which the circumjacent steam im- 
mediately expands, and produces the same effect on the steam beyond it ; and 
thus it happens, that the abstraction of a small quantity of heat, from an incon- 
siderable mass of steam, produces a condensation throughout a cylinder which 
is extensive. 

What remains in the cylinder no longer balances the atmospheric pressure on 
the surface of the water in the injection cistern, and therefore the water spouts 
rapiSly through the holds d, by the joint action of the column P, and the un- 
balanced pressure of the atmosphere ; at the same time, the snifting valve s, 
and the eduction valve R, are shut by the external pressure of the atmosphere, 
and prevent the entrance of air or water into the cylinder. The velocity of the 
injection water must therefore rapidly increase, and the jets dash against the 
bottom of the piston, and be scattered through the whole capacity of the cylinder. 
In a very short space of time, therefore, the condensation of the steam becomes 
universal, and the elasticity of what remains is very small. The whole pressure 
of the atmosphere, therefore, being exerted on the upper surface of the piston, 
while there is hardly any on its under side, if the load on the outer end of the 
working beam is inferior to this pressure, it 'must yield to it. The piston G 
must descend, and the pump piston in the well, or mine, must ascend, bringing 
along with it the water therein; but the motion does not begin at the instant the 
injection is made. 

The piston w'as kept at the top by the preponderancy of the outer end of the 
working beam, and the load%f water in the pumps, and it must remain there 
till the difference between the elas^city of the steam helow it, and the pressure 
of the atmosphere, exceed this preponderancy. There must, therefore he a 
small space of time between the beginning of the conden*sation and the begin- 
ning of the motion ; this is very small, not exceeding the third or fourth part 
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of a second ; but it may be very distinctly observed by an attentive spectator, 
who may perceive that the instant the injection cock is opened, if the cylinder 
has the slightest yielding in its su^ension, it will heave upwards a little by the 
pressure of the air on the bottom. Its own weight is not at all equal to this 
pressure ; and instead of its being necessary to support it by a strong floor, it 
must be kept down by large beams, loaded at the end with heavy walls. This 
heaving of the cylinder shows the instantaneous commencement of the conden- 
sation ; and it is not till after this has passed, that the piston is seen to start, 
and begins to descend. The motion must continue till the great piston reaches 
the bottom of the eylinder, because it. is not like the motion which would take 
place in a cylinder of air rarefied to the same degree. In this latter case, the 
impelling force would be continually diminished, because the capacity of the 
cylinder diminishing by the descent of the piston, the air in it would continu- 
ally become more dense and elastic, until the piston would stop at a certain 
height, where the elasticity of the included air, together with the load upon the 
pump-rod at the well end of the beam, would balance the atmospherical pres- 
sure on the piston ; but when the contents of the cylinder are pure vapour, and 
the continued stream of injected cold water keeps down its temperature to the 
same pitch as at the beginning, the elasticity of the remaining steam can never 
increase by the descent of the piston. The impelling, or accelerating force, 
remains therefore the same ; and the descent of the piston will be accelerated 
almost uniformly, unless there be an increase of resistance arising from the 
nature of the work performed at the other end of the beam. And it may fre- 
quently' be observed in a good steam-engine, where every part is air-tight, that 
if the cylinder has been completely purged of common air before the steam - 
cock is shut, and none has entered since, the piston will descend to the very 
bottom of the cylinder. It sometimes happens, by the great pump drawing air, 
or some part of the communication chains giving way, that the piston descends 
with such violence as to beat out the bottom of the cylinder at a blow : to 
prevent which accidents, the catch-pins x are applied at the extremity of the 
beam. « 

When the attendant sees the piston as low as he thinks proper, he shuts the 
injection cock by depressing the lever q, and at the same time he opens the 
regulator, by forcing down the handle o, which oversets the tumbling bob, and 
its leg, catching the cross pin of the spanner i, opens the regulator. 

The steam has been accumulating above the water in the boiler during the 
whole time of the piston’s descent. The moment, therefore, that the steam-cock 
is opened, the steam having an elasticity of rather more than one pound per 
square inch greater than that of the air, rushes into the cylinder, when it 
immediately blows open the snifting valve, and assists the water which had chme 
in by the former injection, and what arose from the condensed steam, to descend 
by its own weight through the eduction pipe R, and open the valve to run out 
into the hot well s. 

This water is nearly boiling hot, or at least its surface ; for, while lying in the 
bottom of the cylinder, it will condense steam till it acquires this temperature, 
and therefore cannot run down till it will condense no more. 'There is a cause 
of some waste of steam at its first admission, in order to heat the inside of the 
cylinder and the injected water to the boiling temperature ; but the space being 
small, and the whole being already very w'arm, it is very soon done ; and when 
things are properly constructed, little more is wanted than what will warm the 
cylinder, for the eduction pipe is made of large dimensions, and receives some 
of the injection water even during the descent of the piston, and this portion 
will be removed out of the way of the steam. 

The first eff"ect of the entering steam is of great service ; it drives out of 
the cylinder 4he vapour which it finds there. Thfe is seldom pure steam or 
watery vapour, because all water contains a quantity of air in a state of chemi- 
cal union ; but the union is only feeble, and a boiling heat is suificient for dis- 
engaging the greatest part of it by increasing its elasticity. It may also be 
disengaged by simpl}' removing the external pressure of the atmosphere. There- 
fore the small space below the piston contains watery vapour, mixed with all 
the air which had been disengaged from the water in the boiler by ebullition, 
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and all that was separated from the injection water by the diminution of .exter- 
nal pressure, in addition to any which may enter by leakage. 

Let us now consider the state of the piston when setting out on its return : 
as it is evident that it will start, or begin to rise by the counter-weight, the mo- 
ment the steam-cock is opened ; for at that ii^stant the excess of the asmo- 
spherical pressure, by which it was kept down in opposition to the preponderancy 
of the outer end of the heam, is diminished. At the first instant of the return 
of the pump-rods, they draw up the piston with great violence, all the weight of 
the water in the pumps acting in addition to the counter-weight ; but the falling 
of the lower valves in the pumps, after an inch or two of motion, arrests the 
further descent of the water, and bears the weight of the column of water ; and 
after this the piston will rise gradually hy the action of the counter- weight. 

The action of the counter-weight is very different in the two motions of the 
engine ; for while the engine is making a working stroke it is lifting not only 
the column of water in the pump, hut the absolute weight of the bucket-rods also ; 
and while the pump-rods are descending, there is a diminution of the counter- 
weight, by the whole weight lost by the immersion of the rod in water. The 
wooden rods which are generally used being soaked in water and joined by iron 
straps, are heavier, and but a little heavier than water, and they are generally 
about one-third of the bulk of the water in the pumps. 

By this counter-weight the piston is drawn upwards; and it would even rise 
although the steam which is admitted was not quite so elastic as common air. 

Suppose the mercury in the barometer to stand at 30 inches, and that the 
preponderancy at the outer end of the beam was equal to l-9th of the pressure 
of the air on the piston, the piston would not rise until the elasticity of the steam 
was equal to 30 l-9th, that is, to 26§ inches nearly ; but if the steam was just 
equal to this quantity, the piston would rise as fast as the steam of that density 
eould be supplied to the cylinder through the steam -pipe; and on this sup- 
position, the velocity of the ascent would depend on the velocity of that supply. 
But this is not the case in practice, because the steam must be stronger than 
the air, in order to blow out and discharge the air ; it will therefore enter the 
cylinder without any effort on the piston to draw or suck it in. At the same 
time the counter-weight must not be so great as to draw up the piston with that 
force which will cause a suction within the cylinder greater than the steam-pipe 
can supply, or it would diminish the pressure of the steam within the cylinder 
lower than the atmosphere, and prevent it from snifting or blowing out the air. 

In filling the cylinder with steam, it will require a much more copious supply 
of steam than merely to fill up the space left by the ascent of the piston ; for 
as the descent of the piston was only in consequence of the vacuum occasioned 
by the interior of the cylinder being sufficiently cooled to condense the steam, 
this cooled surface must be again presented to the steam daring the rise of the 
piston, and must condense steam a second time. The piston cannot rise another 
inch till that part of the cylinder which the piston has already quitted has been 
warmed up to the boiling point, and much steam must be expended in this warm- 
ing, for the inner surface of the cylinder must not only be raised to the heat of 
boiling water while the piston rises, but must also be made perfectly dry ; and 
the film of water left on it by the ascending piston must be completely evapo- 
rated, otherwise it will continue to condense steam. 

' On this account, although the counter-weight is not necessary to suck in the 
steam, the moving force during the ascent of the piston must be considered as 
resulting chiefly, if not solely, from the preponderating weight of the great 
pump-rods ; and this force is et^ended partly in returning the stream piston to 
the top of the cylinder, where it may be again pressed down by the air, and 
make another working stroke by raising the pump-rods ; and partly in return- 
ing the pump-buckets into tlieir places at the bottom of their respective working 
barrels, in order that they may also make another working stroke. This latter 
operation requires force independent of the friction and ineijiaof the moving parts ; 
for each bucket must be pushed down through the water in the barrel, which must 
lift np and rise through the valves in the bucket, with a velocity proportioned 
to the velocity of the Wket in the same degree as the area of the pump-barrel 
is proportioned to the opening of the valves through which the water must pass. 
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From this general consideration of the ascent of the piston, we may see that 
the motion differs greatly from the descent ; it can hardly be supposed to accele- 
rate, even if the steam were supplied to the cylinder in ever such quantity ; for 
the resistance to the descent of the pump bucket is the same with the weight of 
the column of water, which would cause water to flow through the valves of the 
buckets with the velocity with which it really rises through them ; and this 
resistance must therefore increase, as the square of that velocity increases ; that 

is, as the square of the velocity with which the bucket descends. Independent 
of the force of friction, and the weight of the valves, the velocity of descent 
through the water must soon become a maximum, and the motion will become 
uniform. Accordingly, any one who observes with attention the working of a 
steam-engine, will see that the rise of the piston, and descent of the pump-rods, 
are extremely uniform ; whereas the working stroke is very sensibly accelerated. 
These two motions complete the period of the operation, and the whole may be 
repeated by shutting the regulator, and opening the injection cock, W'henever the 
piston has attained the proper height. For the first two or three strokes, the 
opening and shutting of the cocks are performed by the attendant ; but when 
he has thus ascertained that all parts are in order, he puts pins into the holes 
of the plug-frame, and the motion of the engine will then actuate its own 
machinery, and perform its reciprocations with greater regularity than can be 
done by hand. 

Mr. Keane Fitzgerald proposed, in 1759, a contrivance to work the venti- 
lator by the fire-engine for the benefit of those who work in mines, where it is 
employed to draw off water by making the engine turn a wheel constantly one 
way. This gentleman, and some others associated with him, obtained a patent 
excluding all others from employing the steam-engine for turning a crank ; but 
they appear to have received little or no encoiuagement from the public. 

In 1766 Mr. Blakey obtained a patent 
for some improvements on Savery’s engine. 

To avoid the condensation that took place 
when the vapour came in contact with the 
surface of the water in the receivers, he pro- 
posed to introduce oil or air on the surface ; 
but failure attended all his endeavours to 
carry the project into practical effect His 
scheme of a boiler attracted more attention 
among the scientific men of his day, and it 
elicited much commendation. The annexed 
figure will explain it. 

Into the furnace a are placed the tubes 
bed, connected by small pipes ; / a funnel 
for supplying the generator with water, e 
a cock for the purpose of cleaning the appa- 
ratus by allowing a passage of water through 

it. The contrivance is simple and inge- 
nious, and may have been the origin of the 
numerous variety of tubular boilers of more 
recent invention (see article Boiler); but an 
accident occurring in the inventor’s experi- 
ment, he failed to secure the support he was 
led to expect. 

In 1769 a.patent was taken out by a gen- 
tleman named Stewart for an engine which 
produced a rotative motion by a chain going 
round a puBey, and also round two barrels, 
furnished with ratchet-wheels with a weight 
suspended to the free,end of the chain, which 
served to continue the motion during the 
return of the engine. Mi-. Matthew Was- 
borough, at a later date, also obtained a patent 
for communicating a rotative motion to an engine. 
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It may be imagined that the progress which the steam-engine had now made 
stimulated speculators and machinists to bestow their studies on a subject of so 
much interest, and presenting the prospect of a reward far less visionary than 
that dreamed of at any previous period. Plans and adaptations and hypotheses 
sprung up on all sides, if not with a fertility, at least with a rapidity proportioned 
to its importance. The multiplied devices of ingenious men on matters of 
comparatively minor consequence, which, though valuable items in the general 
fund of improvement then, must be passed over, inasmuch as that they would 
not at this day be considered of sufficient magnitude to trench upon the reader's 
attention. We therefore pass at once to the next great era in its career ; namely, 
its progress to perfection under the directing genius of Watt. 

James Watt was born at Greenock, Scotland, in the year 1736. At the age 
of sixteen he was apprenticed to an optician, so called, a personVho — “ by turns 
a cutler and a whitesmith, a repairer of fiddles, and a tuner of spinets” — tendered 
his humble ingenuity in any heterogeneous offices for which it might be required. 
With him Watt remained but two years, and then proceeded to London, where 
he obtained employment from a regular mathematical instrument-maker. His 
health, however, becoming impaired, he remained in London little longer than 
twelve months, and returning to his native town commenced business on his 
own account, both there and at Glasgow, at which latter place he was desirous 
to settle. After experiencing some difficulties, this object was at length effected, 
and he obtained, through the management of some friends, the appointment of 
mathematical instrument-maker to the University of Glasgow, and a room was 
assigned to him in which he could carry on his work. Here it was that his mind 
became first engaged upon the subject of the steam-engine ; and we quote 
his own words in describing the event, which has since become so interesting. 

" My attention,” he writes, “was first directed in 1759 to the subject of 
steam-engines, by Dr. Robison, then a student in the University of Glasgow, 
and nearly of my own age. Robison at that time threw out the idea of 
applying the power of the steam-engine to the[moving of wheel-carriages, and to 
other purposes ; but the scheme was not matured, and was soon abandoned on 
his going abroad. 

“ In 1761 or 1762 I made some experiments on tbe force of steam in a 
Papin’s Digester, and formed a species of steam-engine, by fixing upon it a 
syringe, one-third of an inch in diameter, with a solid piston, and furnished 
, also with a cock to admit the steam from the digester, or shut it off at pleasure, 
as well as to open a communication from the inside of the syringe to the open 
air, by which the steam contained in the syringe might escape. When the com- 
munication between the cylinder and digester was opened, the steam entered 
the syringe, and by its action upon the piston, raised a considerable weight 
(fifteen pounds,) with which it was loaded. When this was raised as high as 
was thought proper, the communication with the 'digester was shut, and that 
with the atmosphere opened ; the steam then made its escape, and the weight 
descended. The operations were repeated ; and though in this experiment the 
cock 'was turned by hand, it was easy to see how it could be done by the 
machine itself, and make it work with perfect regularity. But I soon relin quished 
the idea of constructing ah engine upon this principle, from being sensible it 
would be liable to some of the objections against Savery’s engine • namely, 
from the danger of bursting the boiler, and the difficulty of making the joints 
tight ; and also that a great part of the power of steam would be lost because 
no vacuum was formed to assist the descent of the piston.” ’ 

'The experiments thus commenced were stopped by other avocations connected 
with his business, and his attention became necessarily diverted fiom the further 
prosecution of the inquiry fgr a period of many months. In the year 1763-4 
the model of a steam-engine belonging to the natural-philosophy class was 
placed in his hands to repair, and lus mmd once more recurred to tbe 

mfS remarked the 

prodigious loss of steam from the condensation caused by the cold surface of 

the cylinder, and ^so the great quantity of heat which is contained in a very 
minute quantity of water, when in the form of clastic steam \vi 

.r 1. „v.,d .u,,. 
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a hole be opened the steam rushes out with great violence, and in three or four 
seconds the heat of the remaining water is reduced to the mere boiling point. 
The steam thus wasted would, undei* condensation, yield but a few drops of water, 
and yet these carry off with them the whole excess of heat from the water in 
the digester. Mr. Watt at once saw that to economise the heat thus wasted 
became a matter of the first importance. The cylinder of his little apparatus 
could be heated in one instant to such a temperature, that it could not be touched 
by the hand ; but before a vacuum could be made, it required to be cooled by the 
injection water, and was then to be heated again by the re-entrance of the 
steam. This could not happen unless the heat was abstracted from the steam, 
which must occasion the condensation and waste of a considerable portion. 
Two points of inquiry were at once raised : what was the exact portion of 
steam thus wasted, and what material could be substituted for that of the expe- 
rimental cylinder, which would transmit the heat more slowly. 

A series of new experiments enabled him to ascertain, that the loss of steam, 
in alternately heating and cooling the cylinder, was not less than three or four 
times as much as would fill the cylinder and work the engine! Although his 
means and his time were at that time straightened, and compelled him to 
employ the simplest and cheapest modes of conducting these experiments, yet 
the precision of his deductions admirably displays what genius can accomplish 
even under adverse circumstances. By means of a glass tube inserted into 
the spout of a tea kettle, he allowed the steam to flow into a glass nearly filled 
with cold water until it was boiling hot. The water was then found to have 
gained nearly a sixth part in volume, by the steam which had been condensed 
to heat it, and he drew the conclusion that a measure of water converted into 
steam can raise about six measures of water to its own heat, or about eighteen 
hundred measures of steam can heat six measures of water ; or in the words of 
Dr. Ure, who narrates the fact from Watt’s own lips, that “ a cubic inch of 
water would form a cubic foot of ordinary steam, or 1728 inches ; and that the 
condensation of that quantity of steam would heat six cubic inches of water 
from the atmospheric pressure (temperature) to the boiling point. Hence he 
saw that six times the difference of temperature, or fully 806“ of heat, had been 
employed in giving elasticity to steam, and which must be all subtracted before 
a complete vacuum could be obtained under the piston of a steam-engine.” 
Being struck with this remarkable fact, and not understanding the reason of it, 
“ I mentioned it,” says Watt, “ to my friend Dr. Black, who then explained to 
me his doctrine of latent heat, [See Art. Chemistry, p. 351,] which' he had 
taught some time before this period (summer of 1764)’; but having been occu- 
pied with the pursuits of business, if I had heard of it I had not attended to it, 
when I thus stumbled upon one of the material facts by which that beautiful 
theory ‘is supported.” In the course of these experiments another defect 
became manifest, namely, that the injection water thrown into the cylinder to 
condense the steam becoming hot, and being in a vessel exliausted of air, it 
produces a steam or vapour which in part resists the pressure of the atmosphere 
upon the 'piston, and lessens the power of the engine. This first attempt to 
remedy this evil, was by substituting a wooden cylinder which would transmit 
the heat more slowly ; but, being soon obliged to abandon this plan, he after- 
wards cased his metal cylinder in a wooden jacket, and filled up the space 
between the two with light wood ashes; by this means, and using no more 
injection than was absolutely necessary for the condensation, he reduced the 
waste almost one half. But by using so small a quantity of cold water, the 
inside of th^ cylinder was scarcely brought below the boiling temperature, and 
there consequently remained in it a steam of very considerable elasticity, which 
robbed the engine of a proportionable part of the atmospherical pressure. 

With these data before him he bent the whole Ibrce of his mind to the dis- 
covery of some means of condensing the steam without cooling the cylinder ; and 
early in the year 17(v tbe brilliant thought broke in upon him, “ that if a 
communication were opened between a cglimler containing steam, and another cesse 
which was exhausted of air and other jiuids, the steam, as an expansible fluidl 
would immediatelg rush into the empUj vessel, and continue to do so until it had. 
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establhked an equilibrium ; and if that vessel were lept very cool by an injection or 
otherwise, more steam would continue to enter until the whole were condensed." 
Uirect expenment soon confirmed the ideh; and thus was solved the great 
problem that had perplexed all who had gone before him, — the formation of 

A VACUOUS SPACE IN A HOT CYLINDER. , 

Still the important difficulty before alluded to remained to be surmounted, 
ine ves^I in which the condensation was effected — the condenser — would 
spee^ y become surcharged with the injection water, the condensed steam, and 
e incondensible steam that must accumulate therein; and how were these 
impediments to be ^sposed of? The water might be allowed to escape by its 
own gravity, but the incondensed steam, so long as it remained within the 
condenser, would necessarily resist the descent of the piston in the cylinder. To 
remedy this capital fault, he devised the employment of a pump, (since called 
e mr pump ) which should draw off the several contents of the condenser 
at each operation of the engine, and leave it totally unimpeded : it was easy to 
perceive that this pump might be wrought by the engine itself. Here, then, was 

the second great advance made in the invention. 

Before we proceed however, in the narration of the improvements upon the 
steam-engine under Mr. Watt’s hands, it may be proper to allude to a counter- 
c hum which has been asserted on behalf of another individual to the merit of 
^ ^ ‘^hudehser, and which has been countenanced by authorities 

IteiFto Mr Hornblower,arival and contempora^ of Watt, 

Mr Titoib ** ® Mechanics, that “it occurred to 

“ dissenting congregation, and brother to the 
in * 1 * ^ be a great improvement to condense the 

A distinct from the cylinder, where the vacuum was formed • 
1 of experiments to apply the principle he had established’ 
which he did, by placing a small vessel by tie side of the cylinder, which wS 
to receive just so much steam from the boiler as would discharge the air and 

fSSTh^e Ne” “ ‘I’® prac “rtS cylinde? 

Se In ^TZTh"'' '’y '’^ve and sinking- 

LF^LulaF "'“s j“®‘ necessary for that 

cated with^h?main'^^ instant of discharging was entirelyuncommuni- 

stoam cSild mTe .7 wn’ fu ^P‘ constantly hot as the 

unce^7 huTws m '.1 1 A® “ Mr. Watt does is 

to so weU as to induce some of the Cornish 

favourable as to indnr'e report was so 

afterMr. Watt had ohtainpHV®"^1° This, however, was soon 

and he had about thp ^ ”1 Parhament for the extension of his term ; 

send his eS tot^thaTco/‘1^ gentlemen to 

in which Mr Watt succeed d^*^ necessarily brought on a comp'etition, 

the mode of CMdensing out ®“n®l>oroFgh that 

the officious foH„ eP ® ' * cyhnder was communicated to Mr. Watt by 

GainZXhSLI.hmd'’^^^^^ “f^^at Mr"! 

confirmatiof by a deFlSiu cwcumrtance, as here related, receives some 
late seeretaiy to Gainsborough, the painter, to Mr. T. Moore, 

writer [HmJblowwl if f**® gave the 

borough opposed the petition to narliai^nt ''’l! ^nown that Mr. Gains- 
Conwfy.’’‘’’’lt is n«£‘'to“ go "^^iHie defaWf 

appears that this same Mr. T. hWre declared unon nutt but it 

Bolton e. Bull, in 1792, “that he never saw the trial of the cause 

Mr. Watt’s specification either applied to the steam-entri™®*^^®-® 

it up, or ever read of any such thing whatever ” T^"® Previous to his taking 
rannot now be reconciled ; btt, whether Hornblower’, 111 discrepancy 

truth or in detraction, Mr. Watt’s claim to originaffiT^f founded in 
remect has been generally, if not universally, admitfed ^ thought in this 
To resume: — The discovery thus made gave birth n, 
improvements. Having obtained so great a^preventivo* p?*'’®^- important 
sonable.and almost necessary consequence ^of thoLh7 *71’ l’’®u®™®® ’'®®’ 

“gui, mat the heat of the 
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cylinder, 'now undiminished by the injection of cold water, should, if possible, be 
constantly maintained ; this it was impossible to effect so long as the cylinder 
should remain open at the top, as heretofore, because the descent of the piston 
being accompanied by the descent of cold air on its upper surface, a large 
portion of the caloric would be abstracted from the sides of the cylinder, and 
the steam admitted on the next ascent of the piston become prematurely con- 
densed. Besides, the layer of water resting on the upper sirnface of the piston 
to make it air-tight, would become heated into steam on its descent by tbe in- 
ternal superfices of the cylinder, and its office quickly neutralized. Mr. Watt’s 
fertile genius immediately suggested to him the expedient of employing the 
elasticity of the steam from the boiler to impel the piston down the cylinder, in 
place of the pressure of the atmosphere. He therefore determined to close the top 
of the cylinder entirely, excepting, of course, so much of it as would allow the pas- 
sage of the piston rod, so as effectually to prevent the ingress of cold air from above, 
or the escape of steam from below the piston, and thus concerting the “ atmosphe- 
ric” engine into a machine wholly and indeed impelled by the power of steam. 

Note. — To this modification is now applied the term “ low-pressiure,”^ in order 
to distinguish it from both the “ high-pressure” and the “ atmospheric” engine. 

It has been before stated that Mr. Watt’s early experiments were conducted 
with very simple agents, using apothecaries’ phials, and similarly cheap and im- 
perfect materials, as his time and his means permitted : favouring circumstances 
enabled him to carry them into business practice. Having added to his other 
varied pursuits that of a land-surveyor, he accidentally became acquainted in 
that capacity with Dr. Roebuck, an English physician, who was at that period 
realizing a handsome fortune from the manufacture of sulphuric acid ; and being 
a man of capital and enterprise. Watt communicated to him the result of his 
labours, and an alliance was thus formed which led to a partnership speculation. 
In the year 1769, some time after Watt had effected his improvements in the 
steam-engine, a patent was applied for, and obtained in their joint names ; and 
extensive preparations were made to erect engines on a large scale. Roebuck, 
however, soon afterwards became embarrassed, in consequence of engaging upon 
some mining speculations, and unable to make the pecuniary advances neces- 
sary to prosecute the joint undertaking; and Watt was once more baffled in his 
efforts to carry his improvements into profitable effect. But just as he was on 
the point of abandoning his schemes an overture was made to him on behalf of 
Mr. Matthew Bolton, at that time an engineer of eminence, large connexions, 
and considerable capital, to purchase Roebuck’s share of the patent ; to this 
proposal Watt of course gladly assented, and in 1773 a partnership between Mr. 
Bolton and Watt was effected. 

The interval which had thus elapsed between the date of the patent and the 
formation of the new partnership, occasioned Watt much alarm, lest the duration 
of the term should expire before the patent could be made profitable, or reimburse 
him the expenses incident to the arrangements which were necessary to the 
manufacture of the engines. At the suggestion of Bolton and other friends, and 
supported by their influence, he applied to Parliament for an extension of the 
term, which, after a slight opposition, was granted for 25 years, to be computed 
from the time of that application, namely, 1775 ; an extension highly creditable 
to the legislature which could foresee the commercial value of the invention as 
thus improved, and reward the man to whose genius it was made valuable by 
granting to him so prolonged a monopoly. And it may he here remarked that 
— such was the prejudice, the doubt, or the dislike to novelty, on the part of 
the public — Jhe sum of very nearly 50,0001. was expended by Bolton and Watt 
in the manufacture of the improved engines before they realized any return ! 
This fact is a very sufficient extenuation for the somewhat dangerous precedent 
which the pitrliament afforded by its liberal extension of individual privilege to 
an inventor. 

To give a detailed Recount or illustrative diagrams of the various machines 
erected from time to time about this period by Mr. Watt would, in this rapid 
sketch of the early history of the steam-engine, and our necessarily restricted 
space, be quite impossible ; new modifications and diversities of arrangement 
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were contrived by him to meet local exigencies according to the various situ- 
ations where his engines were required, and to the work they had to perform. 
Of course improvement grew upon improvtnient as they became multiplied m 
use, and as no one engine was the exact counterpart of any that had been pre- 
viously erected, it will be sufficient to explain the nature and object of Ins 
principal contrivances by the simplest illustrations. 

Let A represent the cylinder (in which the 
piston h works) externally surrounded by a 
second cylinder or jacket b h, leaving a small 
space g, all round between the two ; this space 
g communicates by a large pipe /, with the 
boiler, and always full of steam, so as to keep 
the cylinder A at the same heat with the steam 
to be admitted, and to prevent its condensation ; 
the jacket b is furnished with a lid c, which has 
a hole in the centre for the piston rod a (con- 
nected with the beam) to pass through. This 
rod is made truly cylindrical, so that the hole 
can be kept steam-tight by a collar of oakum 
screwed round it at e. The inner cylinder A 
has a close bottom, and the jacket b joins to 
the same ; but the top of the internal cylinder 
does not reach quite up to the lid of the outer 
cylinder or jacket b, by which means the steam 
has always free access to the top of the piston 
h, from the space g between the cylinders, and 
consequently from the boiler through /. At 
the bottom part of the inner cylinder there are 

two regulating valves, o and Ic, one of which, 
o, cither admits the steam to pass from the 
surrounding cavity g, through a passage i, into 
the space of the interior cylinder below the pis- 
ton, or shut out the steam from that space at 
pleasure ; the other valve k, opens or shuts the 
end of the eduction pipe m, which leads to the 
condenser e. This condenser is a close vessel, 
made of thin metal, and furnished with an air- 
pump n, having v^ves and a bucket v, for ex- 
hausting the air, and drawing off the water 
produced by the condensation of the steam, 
along with the air extricated from the water in 
boiling, and rising with the steam. The air- 
pump is constructed like a common pump, 
except that it has a lid or cover on the top of 
the barrel, to keep the pressure of the atmo- 
sphere from bearing constantly upon the bucket. The rod d of the bucket passes 
through a stuffing-box in the lid, and is suspended by a chain from the great 
working beam of the engine. The condenser I, and the air-pump n, are placed 
in a large cistern of cold water x, which may be supposed to be situated under 
the floor of the engine-house, between the cylinder and the wall on which the 
beam is supported, and supplied constantly with fresh cold water from a small 
pump worked by the engine. • 

Now, suppose steam be allowed to enter through / into g, between the 
jacket and the cylinder, ajd also the upper part of the cylimler above the 
piston. The condenser I is exhausted of its air by opening both valves o and 
k, and letting the steam blow through it ; when this is effected, and the valves 
closed, the external cold in i condenses it and leaves U vacuum in the con- 
denser, whilst the cylinder A is all the while full of steam from the space q, 
both above and below the piston hk ; the steam-valve o being shut cuts off ali 
communication with the under side of the piston from the steam ia’g or in the 
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boiler ; and at tlie same time the exhausting-valve k from the condenser is 
opened, when the steam rushes ^ith great violence from the space of the 
cjdinder A, below the piston, through the eduction pipe m, into the vacuum of 
the condensei', till it comes in contact with the cold sides of the condenser 1. 
The steam becomes immediateiy deprived of heat and reduced into water, and 
a vacuum is thus made beneath the piston h. The steam above the piston 
ceasing to be counteracted by the steam that was below it, presses between the 
top of the piston and the bottom of the hd c, with its whole elastic force, and 
causes the piston to descend to the bottom of the cylinder, carrying along with 
it the beam, and raising the pump-buckets at the other end. The exhausting- 
valve k is then shut, and the steam-valve o opened, which, allowing the steam 
to enter below the piston, leaves it at liberty to rise ; in which case the superior 
weight of the pump-rods raises the piston to the top of the cylinder, ready to 
commence another stroke. 

This will serve to exemplify the mode by which the steam contained in the 
cylinder becomes condensed in a separate vessel, and the improvements which 
that discovery of itself almost necessarily suggested; namely, the enclosure, of 
the cylinder to prevent the loss of heat which it imbibed from the steam|; the 
employment of an upper plate, c, by which the cold atmospheric air that fol- 
lowed the descent of the piston might be excluded, and the elasticity of the 
steam substituted for atmospheric pressure ; and the piston made effectually air 
and steam-tight. The wood-cut on the following page (marked Watt’s Engine) 
will, however, convey a move general idea of the engine, with some of the 
subsequent improvements and additions. 

a the cylinder; c the sUiffing-box, through which the piston-rod passes. The 
lower part of this stuffing-box consists of a hoop, with a flanch and screw- 
holes ; the interior of this hoop is of greater capacity than the piston-rod, and 
supplied with some soft substance (hemp or cotton) to surround the piston rod ; 
the upper part, or cover, of the stuffing-box, is less than the interior of the 
lower that contains the “stuffing;” and being screwed down upon it, presses 
the stuffing closely round the piston-rod, and thereby prevents the escape of the 
steam from the cylinder, (fthe working-beam, resting upon its centre e, and 
connected at one end to the piston rod, at the other to the bar /. To the cylin- 
der a (which, in this modification, has no external jacket) is attached a tube, 
through which the steam is allowed to pass above and below the piston, through 
the pipe Z, connected with the boiler; in this tube are placed valves, one 
above, and one below the point of junction with Z, which are moved by 
external levers. Now supposing the blowing-valve to have been opened, and 
the vacuum formed in the condenser in the manner before described, the steam 
rushing through the upper elbow of the tube upon the piston, forces it to 
descend’ to the bottom of the cylinder ; by this action the lever 1 is turned 
downwards, by means of tappets placed on the pump rod 4, and shuts that 
valve ; whilst 2, on a pipe behind that which we see, opens a passage to the 
condenser. The lever 3 is at the same time opened, admitting steam under the 
piston, which consequently ascends. 5 is a rod connected with the discharging- 
pump attached to the condenser ; 6 a small pump, which supplies the boiler 
with heated water from the condenser. 

The vertical descent of the piston rod (through the stuffing box) by its attach- 
ments to the beam, is explained in the article Parallel Motion, and need not 
here be repeated. 

The wood-cut also exhibits some excellent contrivances, which, though applied 
by Watt at a Subsequent period, may here as well be described. He had em- 
ployed the fly-wheel, in order to equaUze the motion of the piston in the cylinder 
(see article F^y) ; hut as it became an important olject to convert the alternate 
motion into a rotary one, he applied himself to the discovery of a ready 
means of effecting it. The crank (see article Crank) could have been appro- 
priated to this purpose^ but a patent was at that time in force for the exclusive 
adaptation of it by another; and as some dispute had arisen upon the subject. 
Watt was compelled to resort to some other mode, by which a similar effect 
might be achieved, without the invasion of another’s privilege. This ended in 
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wheel that can revolve upon its axis ; o is likewise a tootlied wheel fixed to the 
fly. As the beam rises the planet ^heel h is drawn up on the circumference of 
the sun wheel, and turns it round, causing the sun wheel to make two revolutions 
while the planet wheel travels once over its circumference ; the momentum of 
the fly being sufficiently powerful to preserve the tendency of the machinery to 
revolve in the same direction during the change of motion in the piston, and to 
urge the planet wheel over the inactive points in its circuit, the continued rotary 
motion becomes at once effected, and with this advantage, that as the fly makes 
twice the number of revolutions it would make by the common crank, a lighter 
body of material composing the fly is required. There are, however, several 
disadvantages attending this mode of converting an alternate into a rotary 
motion, such as being more complex, expensive, and liable to derangement. 

One of the last improvements made by Watt upon his engines was the 
application of a fine piece of mechanism which bad been previously used for 
other objects — the gveemor or regulator. The invention has been ascribed, but 
improperly, to Watt ; and although it is said that the notion of applying it to 
steam-engines was first suggested by a Mr. Clarke of Manchester, it does not 
appear that he ever carried it into practice. The governor s is composed of two 
balls, fixed each to a lever attached to other and shorter levers, u u, above the 
point of junction, the latter being fixed by a movable joint to a slider w, moving 
freely on the vertical rod s. The horizontal lever w H has a fulcrum, and raises 
or lowers another lever H Z, which is attached to a valve inside the steam-pipe 
at Z. On the pulley is a cord q proceeding from the fly-wheel ; by this means 
a rotary motion is) given to the vertical rod, and the baUs by their centrifugal 
force {vide article) rising outwards, draw downwards the slider ; which movement 
raises the opposite end of the horizontal lever H, which acting on the lever 
connected to it, opens or shuts (as it may be adjusted) the valve Z inside the 
steam pipe, and diminishes or enlarges the area by which the steam flows into 
the cylinder. The fall of the balls when the motion decreases, reverses all 
these movements of course ; and by thus enlarging or contracting the steam- 
way, and admitting more or less steam into the cylinder, the impulse of the 
piston is rendered much more uniform. The valve in this part of the steam- 
pipe is now called the throttle valve, and the regulating pendiuum the governor. 

Several of the arrangements just described, were not conceived until a long 
time after the period at which we have arrived ; but as the explanation may 
lead to a clearer understanding of the subsequent advances of the engine, it was 
thought better to step a little out of the regular course of narration. Besides, 
the reader will at once perceive that the engine, as thus improved, became an 
almost self-regulating power, freed from the capital difficulties which had 
heretofore beset it. 

With these grand outlines of an excellent work before him, Mr. Watt, sup- 
ported by the enterprising spirit and pecuniary resources of his partner Bolton, 
could now turn his exclusive attention to the perfection of the engine. Another 
most valuable improvement had suggested itself to his mind so far back as 
1769, but it was not carried into full effect by him until nine years subsequently 
and became the subject of a new patent, granted to him in March 1782, for an 
expansion engine. 

With an engine constructed on the old plan, it was necessary that a careful 
estimate should be made of the work to be performed, so that it should fully exe- 
cute its task without its power exceeding the load to an extravagant degree ; because 
such a circumstance would occasion a motion so rapid, that, acting alternately 
in opposite (firections, no building or machinery could withstand the jolts and 
shocks produced thereby. Many engines had been shattered by the pumps 
drawing air, or by a pump rod breaking, by whicb^ accidents the steam piston 
descended with such^rapidity and violence that every thing gave way before it. 

Besides the waste of fiiel, the difficulty of management, and increase of cost, 
in) an engine so consfiucted that it shall be superior to its ordinaiy tasks, were 
great drawbacks upon its general efficiency. The expansion engine, however, 
removes these disadvantages, as it can at all times be precisely proportioned, at 
least during the working stroke, to the load of work that then happens to be 
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upon it. This is effected by shutting off the further entrance of steam from the 
boiler when the piston has been pressed dow^ in the cylinder for a certain pro- 
portion of its total descent (say one-half, one-third, one-fourth, and so on) 
and then leaving the remainder of the descent to be accomplished by the expan- 
sive force of that steam which is already introduced into the cylinder. By tins 
means the acting force becomes regidated, and the pins are so placed in the plug 
frame as that the valve shall he closed at the moment the piston arrives at its 
prescribed limit in the cylinder. The piston first pressed down by' steam fr®™ 
the boiler to this extent, the same body of steam expands ; and though diminished 
in elasticity, it will be sufficient to complete the full descent of the piston. 

When the steam is shut off at a portion of the descent in this manner, the 
pressure on the piston is continually diminishing, as the steam becomes more 
and more rare ; and consequently the accelerating force which works the engine 
diminishes. The motion of the descent, therefore, will no longer be uniformly 
accelerated, but rather retarded ; and by contriving the connecting machinery 
in such a way that ' the chains or rods at the outer end of the beam shall 
continually exert the same pressure io lift the pump rods, or that thejmachinery 
shall vary its force according to the necessity, the force of the piston upon the 
beam and pump-rods can be regulated at pleasure, and be made to produce an 
uniform effect. 

It is remarkable that the endeavours of Mr. Watt to economize steam, and 
equalize the descent of the piston, by the mode just described, should have led 
to an accidental discovery of great value, which, without giving the elaborate 
calculations that demonstrate the fact, may be thus explained. He found that 
steam admitted into a cylinder to one-fourth of its depth, and exerting a 
pressure of 6333 pounds, when allowed to expand into the whole capacity of the 
cylinder, added a pressure of 8781 pounds ; and moreover, that had the cylinder 
been filled with steam of the same force, and exerting the accumulated pressure 
(6333 X 4) 25.332 pounds, the steam expended in that case would have been 
four times greater than when it was stopped at one-fourth ; and yet the 
accumulated pressure was not twice as great, being nearly five-thirds. One-fourth 
of the steam performs nearly three-fifths of the work, and an equal quantity 
performs more than twice as much work when thus admitted during one-fourth 
of the motion. 

The advantage of this method of working a steam-engine increases in pro- 
portion, as the steam is sooner stopped to the extent indicated in the annexed 
(marginal) table. Let the steam be stopped at either of the 
depths of the cylinder stated in the first column, and its 
performance will be multiplied to a degree corresponding 
with the figures placed opposite to each division._ This 
advantage, also, is more fully obtained when steam of an 
elastic pressure considerably greater than the atmosphere is 
employed ; the increase of the force of steam heated much 
above the boiling point being rendered very great by a small 
increase of heat ; “ thus, at 212'> the steam, is equal to the 
atmosphere ; by only increasing the heat 40°, or to about 252°, a double pressure 
(or two atmospheres) is obtained ; and the further increase of 30°, or 
about 282“ makes an additional force equal to three atmospheres ; again 24® 
higher, or about 306„, makes the steam equal to four atmospheres ; [The law 
in this respect has been since determined with precision. See page 737.] Now 
it follows as a consequence, that if such small accessions of heat produce so 
rapid an increase of the expansive force, small abstractions of heat' from highly 
elastic steam will also reduce its elasticity in an equal degree ; so that steam 
highly heated is more readijy diminished in bulk by the application of cold 
than weaker steam ; that is, it can be more readily reduced in its pressure to 
any certain proportion of the pressure it had before.” 

To obtain the full advantage of the varying forces, it w^is necessary to have 
some contrivance by which the effect of the engine on the work it is performing 
should be uniform, or nearly so, and Mr. Watt devised many different methods 
for this purpose ; but they were never applied to his engines to any notable 
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extent ; contenting himself with Gmplo 3 ring steam a little greater in pressure than 
that of the atmosphere, and stopping the supply at one-fourth or one-third of the 
descent, according to the circumstances under which the engine worked. And 
though the curious and importai^t facts thus elicited by Mr. Watt’s endeavours 
to economize steam were not made extensively subservient to his uses, they 
paved the way to new improvements at a subsequent period by other persons, 
which will be noticed and illustrated in the proper place. 

The enormous loss of power occasioned by extensive friction, by the alter- 
nating action of the engine, and by the wear and tear of its parts from these 
and other causes, became apparent to him at an early period of his pursuits ; 
and, whilst still engaged in the perfection of his machines constructed upon the 
principles before described, he had diverted his speculations into a new channel, 
in order to discover a means by which this loss could he repaired. The patent 
granted to him in 1769 includes the description of a mode for obtaining the 
effective power of steam unburthened by these deteriorations, namely, by giving 
“ circular motion to a wheel, ”or in other words, a Rotary Engine ; but from the 
obscurity of the specification on this head, which rather suggests than explains 
such a contrivance, it is very evident that little more than a crude conception of 
its structure had at that time occurred to his mind. 

[It is remarkable] enough that no drawings accompany the explanation of 
this, or any one of the six inventions included in this famous patent Mr. 
Watt has been a good deal assailed on account of the vagueness and ambiguity 
in which all his descriptions are involved, and which harsh commentators scruple 
not to aver was premeditated. The very natural desire, in a mind teeming with 
speculations, and confident in its own resources, to take first ground, superadded 
to the commercial shrewdness for which his countrymen are proverbial, may 
possibly explain this over-cautious effort at self-protection.] 

By his own statement it would appear, that “ a steam-wheel moved by force 
of steam acting in a circular channel against a valve on one side, and against a 
column of mercury or other fluid metal on the other side, was executed at Soho) 
(the manufactory of Bolton and Watt at Birmingham,) upon a scale of six feet, 
and tried repeatedly, but was given up, as several objections were found against 
it. What these objections were, is not declared ; but this part of his patent was 
of no value beyond identifying his name as the first suggestor of a Rotary Engine. 
Undisheartened by the first failure, he again, in the same year, 1782, obtained a 
second and distinct patent for two other devices on a similar principal. These 
we will shortly describe. 
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c c, in the preceding figure, represents a drum or cylinder, of any given dimen- 
sions, say a foot deep, and three feet in diameter, a, an axle passing through 
stufBing boxes in the closed ends or covers of the cylinder h, the piston packed 
at the ends which rub against the cylinder, and at the sides which rub against the 
covers, to render it steam tight ; this pbton is mflexibly attached to the axis a. 
e, a vive or flap turning upon a joint or pivot /, the concave side being a 
segment of a circle of the same radius as the cylinder. It extends the whok 
depth of the cylinder, is packed on its sides, and, when shut, fills the space at a. 
g, the pipe for admitting steam from the boiler ; h, the pipe for its escape into 
a condenser. Steam being admitted through g, presses equally upon e and b ; 
hut b being stopped against the axle, the piston b recedes from the pressure, and 
turns the axle a and a heavy fly-wheel round with it. This motion is continued 
until the convex surface of b comes in contact with the concave surface of e, 
and, by the momentum thus acquired, forces e into the recess d, until the piston 
again passes g, when the valve, falling by its gravity (or moved by a lever) into 
its first position allows another portion of steam to enter and act as before, the 
steam contained in the drum passing off at the eduction pipe h. 

It will be readily understood that the enormous waste of steam in working 
this engine, the shocks caused by the motion of the valve, and the facility of 
derangement generally, are capital objections to this device, which became as 
speedily abandoned as the first. The third contrivance, however, was very 
much superior. 



The cylinder d d is similar to the last, the interior of which is shown in the 
cut : a the axle, to which is attached the piston b, as before, made steam-tight by 
packing, c a metal projection from a portion of the cylinder to the axis, ef 
two valves, to admit steam Aom the pipe g into the cylinder on each side of c 
alternately. 0/ valves for changing the direction of the steam; iy valves acting 
in conjimction with e/, so as to open or shut off a communication with the con- 
densers Ik, through the pipe h, at the proper time. Levers are attached to the 
rods, by which these valves are worked, from tappets on the pump-rods r g. 
Steam being admitted firom the hoiler through the pipe g into the steam-chest, 
the valve/bemg open, rushes up the pipe, and into the cylinder, between the 
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piston and stop c. The piston receding from the pressure drives the air in the 
cylinder through the other pipe, and down through the valve j into the con- 
denser, whence it escapes by the piAnp 1. The revolution of the piston con- 
tinues until it reaches c, on the other side, when it is stopped ; but, previously 
to this, the valves/ andy have been shut by their respective levers, whilst e and 
i have been opened. The steam has now access through e to the other side of 
the piston, and turns it in the contrary direction ; the steam which last per- 
formed its office escaping down through > to the condenser. The first operation 
is then repeated, reversing the motion of the piston as soon as, or before it 
comes in contact with the other side of e. nm are two toothed wheels attached 
to the axle a, which work (as shown) by racks, the pump-rods op, and the 
smaller pump-rods q r. The former, o p, are supposed to draw water from a 
mine ; the smaller ones only work the condensing pumps k /. 

This is certainly a more skilful contrivance than either of the preceding ; 
but still the loss of steam, and, consequently, of fuel, must be considerable. 
Notwithstanding its plausible features, the engine was never carried into prac- 
tical execution; andMr.Watt subsequently devised another rotary engine, which 
is included in a patent obtained by him in 1784 : upon trial, however, it was 
found to have little or no power ; and, therefore, a description of it is unneces- 
sary. His attempts to produce an effective machine on this principle, were 
undoubted failures ; but still they opened up a path which led, and may lead, 
to other and more successful efforts by other engineers. 

We shall close the narrative of Mr. Watt’s inventions by a very brief notice 
of his douhle-aeting engine. The first engine of this kind, by which the 
machinery should be impelled equally in ascending and descending, was pro- 
posed in 1779 by Dr. Falc, in a published account of a machine which, with 
the same quantity of fuel, and in an equal space of time, he suggested might 
be made to raise above double the quantity of water raised by any lever en^ne 
of the same dimensions. It would appear, however, that Mr. Watt had long 
previously contamplated an action of this kind, and had actually explained and 
produced a drawing of it to the House of Commons, in 1774, upon the occa- 
sion of his petition for a prolongation of the term of his patent. In that 
explanation he showed, that after the piston had been pressed by the steam to 
the bottom of the cylinder, by shutting off the connexion between the upper 
part and the boiler, and opening a communication between it and the under 
side of the cylinder, the steam by this means could be made to raise as well as 
depress the piston into a vacuous space, which might he made above and below 
it alternately ; and thus, by a slight alteration in the office of his valves, and 
the introduction of another, a new and valuable action of his engine might be 
obtained, which shoidd not only free it from the dead weight of counterpoises 
that had previously encumbered the invention, but add most importantly to its 
efficacy. 

Our limits are too restricted to describe this excellent modification of the 
single-impulse engine, nor, indeed, is it actually necessary. The reader, who 
has made himself acquainted with the details before given, will readily con- 
ceive a manner of effecting it; besides, the notices that will follow of the 
improvements made by other eminent persons, will necessarily involve parti- 
culars which, of themselves, will supply the deficiency. 

The first machine on this principle was executed somewhere about the year 
1781, and the fimt public exhibition of it a few years after. In the patents of 1782 
and 1784 the invention of the parallel motion before alluded to, with other inge- 
nious contrivanees, and the application of the governor are specified ; contrivances 
that, by diminhhing the consumption of steam and of fuel, keeping the engine 
always at a uniform velocity, and rendering its regularity permanent and easy, 
completed the great achievements of this extraordinrfy man. 

His reputation has been very freely attacked by other engineers, and his title 
to originality as freely daubted and denied. Much of this feeling may be ascribed, 
perhaps, to the manifest obscurity that runs throughout all his specifications 
and to the claims set up by other persons for dreamy designs, the practicability of 
which they ingeniously enough speculated upon, but never carried into real effect. 
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Many of his plans, it is alleged, were the result of information surreptitiously 
obtained, or unfairly communicated to him, of the discoveries of such persons ; 
but of the truth of this allegation there appears to be no evidence beyond that of 
jealous conjecture. Certain it is, however, that either from the extent of patro- 
nage and success which Bolton and Watt enjc^ed in the manufacture of their 
engines, or from other unknown causes, a great deal of angr}' feeling was mani- 
fested, the extent of which may be gathered from the declaration of the late Mr. 
Bramah, that when men of better judgment had constructed engines as good or 
better than their own, “ the)' have just candour enough to admit the fact, and 
pride and avarice enough to claim them as their invention !” Rugged is the 
path which merit has to walk in ! 

Great as was the degree of perfection to which the steam-engine had been 
brought by Mr. Watt, the discoveries which he, together with his predecessors, 
Savery and Newcomen, had made, furnished abundant materials for the exercise 
of future ingenuity ; and we now proceed to notice several of the most striking 
contributions towards its completion, subsequently made by other eminent en- 
gineers, in the contrivance of various arrangements and combinations of me- 
chanism for obtaining the most full and effective operation of steam power. 

To obtain a greater power by a complicated force of steam, an engine was 
constructed by Mr. Jonathan Hornblower (of Penrhyn, Cornwall), in which 
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“First, — I use two steam vessels, in which the steam is to act, and which in 
other steam-engines are called cylinders. Secondly, — I employ the steam, after 
it has acted in the first vessel, to ojerate a second time in the other, by permitting 
it to expand itself, which I do by connecting the vessels together, and forming 
proper channels and apertures whereby the steam shall occasionally go in and 
ont of the said vessels. Thirdly, — I condense the steam by causing it to pass 
in contact with metallic substances, while water is applied to the opposite side. 
Fourthly, — to discharge the engine of the water employed to condense the 
steam, 1 suspend a column of water in a tube or vessel constructed for that 
purpose, on the principles of the barometer, the upper end having open com- 
munication with the steam vessels, and the lower end being immersed in a 
vessel of water. Fifthly, — to discharge the air which enters the steam vessels 
with the 'condensing water, or otherwise, I introduce it into a separate vessel, 
whence it is protruded by the admission of steam. Sixthly, — that the condensed 
vapour shall not remain in the steam vessel in which the steam is condensed, I 
collect it into another vessel, which has open communication with the steam 
vessels, and the water in the mine, reservoir, or river. Lastly, — in cases where 
the atmosphere is to be employed to act on the piston, I use a piston so con- 
structed as to admit steam round its periphery, and in contact with the sides of 
the steam vessel, thereby to prevent the external air from passing in between 
the piston and the sides of the steam vessel.” 

A more intelligible description of this engine was subsequently given by 
Mr. Hornblower in the JincyclopfEdia Britannica, which thus explains it. [See 
cut in the preceding page.] 

Let A and B represent two cylinders, of which A is the largest; a piston 
moves in each, having their rods C and D moving through collars at E and F. 
These cylinders may be supplied with steam from the boiler by means of the 
square pipe G, which has a flange to connect it with the rest of the steam-pipe. 
This square part is represented as branching oflf to both cylinders ; c and d are 
two cocks which have handles and tumblers as usual, worked by the plug-beam W. 
On the fore] side of the cylinders is represented another communicating pipe, 
whose section is also square, or rectangular, having also two cocks, a b. The 
pipe Y immediately under the cock b establishes a communication between the 
upper and lower parts of the cylinder B, by opening the cock b. There is a 
similar pipe on the other side of the cylinder A, immediately under the eock d. 

When the cocks c and a are open, and the cocks b and d are shut, the steam 
from the boiler has free admission into the upper part of the small cylinder B, 
and the steam from the lower part of B has free admission into the upper part 
of the great cylinder A ; but the upper part of each cylinder has no communi- 
cation with its lower part. From the bottom of the great cylinder proceeds the 
eduption pipe K, having a valve at its opening into the cylinder; it then bends 
downwards, and is connected with the condenser. Lastly, the pump-rods cause 
the outer end of the beam to preponderate, so that the quiescent position of the 
beam is that represented in the figure, the pistons being at the top of the 
cylinder. Suppose all the cocks open, and steam coming in copiously from the 
boiler, and no condensation going on in L, the steam must drive out all the air, 
and at last follow it through the valve Q. Now shut the cocks b and d, and 
open the escape-valve of the condenser ; the condensation will immediately 
commence and draw off the steam from the lower part of the great cylinder. 
There is npw no pressure on the under side of the piston of the great cylinder A, 
and it immediately descends. The communication Y between the lower part of 
the cylinder B, and the upper part of the great cylinder A being open, the 
steam will go from the lower part of B into the space left by the descent of the 
piston A. It must therefore expand, and its elasticity must diminish, and will 
no longesbalance the pressure of the steam coir^ng from the boiler, and pressing 
above the piston of B. This piston, therefore, if not withheld by the beam, 
would descend till it came in equilibris, from having steam of equal density 
above and below ft. But it cannot descend so fast, for the cylinder A is larger 
than B, and the arch of the beam, at which the great piston is suspended, is no 
longer than the arm which supports the piston of B ; therefore,when the pi.-tcn of 
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B has descended as far as the beam will permitit, the steam between the two pistons 
occupies alarger space than it did when both pistons were at the top of their cylin- 
ders, and its density diminishes as its bulk incr^ses. The steam beneath the small 
piston is, therefore, not a balance for the steam on the upper side of the same, and 
the piston B will act to depress the beam with all the di&rence of these pressure. 

The slightest view of the subject must show, that as the piston descends, the 
steam that is between them will grow continually rarer and less elastic, and 
that both pistons will draw the beam downwards. Suppose, now, that each one 
had reached the bottom of its cylinder : shut the cock a, and the eduction 
valve at the bottom of A, and open the cocks b and d. The communication 
being now established between the upper and lower part of each cylinder, their 
pistons will be pressed equally on the upper and lower surfaces ; in this situation, 
therefore, nothing hinders the counter-weight from raising the] pistons to the 
top. Suppose them arrived at the top : the cylinder B is at this time filled with 
steam of the ordinary density, and the cylinder A, with an equal absolute 
quantity of steam, but expanded into a larger space. Shut the cocks b and d, 
and open the cock a, and the eduction valve at the bottom of A, the condensation 
will again operate, and cause the pistons to descend j and thns the operation may 
be repeated as long as steam is supplied ; and one measure full of the cylinder 
B of ordinary steam is expended during each working stroke. 

Professor Robison gave a series of elaborate and highly interesting calculations, 
by which, unluckily for the ingenious inventor, it was demonstrated, that the 
same effect only is produced in this, as in Mr. Watt’s expansion engine ; and 
these calculations were confirmed by the practice of those which Hornblower 
erected. Although he made an unsuccessful application to Parliament for an 
extension of the term of his patent, it does not appear that his engine obtained 
public patronage or approbation. 

In 1797 a patent was obtained by the Rev. Edward CAErwRioHT, for a very 
ingenious contrivance, of which high expectations were formed, from the trials 
made of its efficacy. The nature of this invention, and the objects which 
Mr. Cartwright sought to obtain, will be understood by the following figure and 
description. 

The piston b moving in the cylinder a, has its rod prolonged downwards, at 
the extremity of which is attached another piston d, moving in the lesser 
cylinder c, opening into and being a continuation of a. From the bottom of a 
proceeds the pipe g, terminating in the condenser, which is formed of two 
concentric circular vessels, between which the steam la admitted in a thin sheet, 
and is condensed by coming in contact with the sides of the condensing vessel 
kept constantly cold by being immersed in cold water. The water formed by 
condensation falls into the pipe e. From the bottom of the cylinder i the bent 
pipe m is carried into the box n, which has a float-ball o that opens and shuts 
the valve p, eommunicating with the atmosphere. A pipe q arises from this box 
and opens into the boiler. There is a valve placed at i opening into the cylinder 
c ; another at n also opening upwards. The pipe s conveys steam from the 
boiler to the cylinder, which may be shut by the Ml of the clack r. F is a valve 
made in the piston h. In the figure, the piston b is shown as descending by the 
elasticity of the steam flowing from the boiler through s; the piston d, being 
attached to the same rod, is also descending. When the piston b reaches the 
bottom of the cylinder a, the tail or spindle of the valve k being pressed upwards, 
opens the valve, and forms a communication between the upper .side of the 
piston and the condenser ; at the same moment the valve r is pressed into its 
seat by the descent of the cross-arm on the piston, which prevents the further 
admission of steam from the boiler ; this allows the piston to be dr&wn up to 
the top of the cylinder by the momentum of the fly-wheel z, in a non-resisting 
medium. The piston d is alsg drawn up to the top of e, and tbe» valve i is 
raised by the condensed water and air which have accumulated in e, and in the 
condenser g. At the moment when the piston has reached the top of the 
cylinder, the valve k is pressed into its seat by the pin 8r tail striking the 
cylinder cover ; and at the same time the piston b, striking the tail of the valve 
r, opens it ; a communication is again established between the boiler and piston. 
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and it is forced to the bottom as before. By the descent of the piston d, the 
water and air, which were under it _in the cylinder^ c, being prevented Vroin 



returning into the condensing cylinder by the valve under i, are driven up the 
pipe m into the box n, and the water is thence conveyed into the boiler again. 
1 he air rises above the water in a, and when by its accumulation its pressure is 
increased, it presses the float o downwards; this opens the valve », and allows 
it to escape into the atmosphere. 

The mode of condensation was theoretically cnisidered as being liable to ob- 
jection, but practical experiments fully confirmed tlie expectations of the inventor. 
The arrangements are very simple, and seem admirably adapted for puriioses 
where small power is required. ^ ‘ 

About the year 1801, Mr. John Nuxcarrow, an Englishman, then'resident 
at Philadelphia, gave a description of an engine formed on Savery’s pnnciple. 
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stock or cistern C. D the water-wheel. E the boiler; F the hot well for 
supplying the boiler with water. G G two cisterns under the level of the 
water, in which the lesser pipes, B S, and the condenser, are inserted. H H H 
the surface of the water with whicli the engine and the water-wheel are supplied. 
a a, the steam-pipe to convey tVe steam from the boiler to the receiver; b the 
feed-pipe, to convey hot water to the boiler from the hot well F. c c c, condens- 
ing apparatus ; d d, the pipe which conveys the hot water from the_ condenser 
to the hot well, e e e, valves for admitting and excluding the water, ff, the 
injection-pipe; g the injection cock, and k the condenser. Before any water 
can be delivered on the wheel D, the receiver, the cistern O, and all the pipes 
must be previously filled : the valve c is opened, and the steam rushing from the 
boiler into the receiver A, the water descends through the first pipe B, and pass- 
ing the valve e, ascends through the second pipe B into the cistern C. The 
communication between the boiler and the receiver A being closed (bj"- a 
valve not shown in the engraving,) the steam enters the condensing-pipe c, and 
in its passage meets with a jet of cold water from the injection-cock g, by which 
it is condensed ; and a vacuum being made by this means in the receiver, the 
water is driven up by atmospheric pressure into the pipe B, and becomes in like 
manner operated upon by opening the receiver valve. The water thus raised 
into the cistern C, falling through the escapement pipe at the bottom upon the 
fans of D, gives motion to the wheel. 

The advantages possessed by an engine so constructed are stated by the in- 
ventor to be these ; — That it is subject to little or no friction ; has every facility 
which may be attributed to Bolton and Watt’s engines by condensing out of the 
receiver, either in the cistern or at the level of the water ; that the water in the 
upper part of the pipe which adjoins the receiver acquiring, by its frequent con- 
tact with the steam, a heat nearly equal to that of boiling water, is kept uniformly 
hot, as in the case of Bolton and Watt’s engines; and that a very small stream 
of wateris sufficient to supply this engine even where there is no fall, all the water 
raised by it being returned into the reservoir H H. There is, however, this de- 
fect : — 'That as the surface of the water in the pipe becomes heated by the steam, 
and as it is impossible to form a perfect vacuum on the surface of boiling water, 
the effective power of the engine is by so much diminished. Nevertheless, it is 
a very simple, cheap, and serviceable machine. 

To avert the loss which was consequent upon the escape of steam around 
the sides of the piston, to make the escape steam effectively available, and to 
reduce the consumption of fuel, Mr. John Robertson, of Glasgow, contrived, 
and, in 1801, obtained a patent for, an engine which has, in practice, realized 
a considerable portion of the inventor’s expectations. It differs little in con- 
struction from many other engines, except that in place of one working cylin- 
der in this, there are two, the lesser one n being placed upon and forming a 
continuation with the larger m. To each cylinder there is a piston fitted and 
connected together by the internal cylinder D : or this cylinder is so made as 
to have the pistons in one piece with it. This cylinder is made so that it may 
nearly fill the small cylinder n, and without actual contact between the two 
surfaces. The working handles, with the valves, are to be placed in such a 
manner that steam from the boiler may have free access through the pipes and 
cylinders into the condensing vessel, to free the whole of the air, as in the 
usual manner. When tliis is done, the engine is set to work by the valves b and c 
being shut, and by that of a left open, and water let into the condensing ves- 
sel c, when a vacuum takes place in it by means of the condensation of the 
steam, and also in the under part of the large cylinder m below its piston 
(there being i communication from the condensing vessel by the pipe F) ; at 
the same time the steam from the boiler has free access through the pipe 
A and valve* a into the small cylinder », above ^ts piston //, and exerts its 
force upon it, and presses it downwards with as much force as in the usual 
manner. But as it is fomid from experience that a considerable quantity 
escapes past the pistoiT, this piston is in part detained by the secondary piston 
g, and exerts its force on that part or annular section s s that is contained 
betwixt the cylinders m and D, and assists in forcing the whole downwards ; 
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while, at the same time, the steam which 
is lodged in this annular space s s, and 
around the cylinder D, prevents so 
great a quantity from escaping past the 
first piston, as would otherwise he the 
case where there is no secondary pis- 
ton, and the vacuum is much more 
complete helow the first piston ; conse- 
quently, there is a greater power pro- 
duced from a smaller quantity of steam 
than with a single piston. During the 
time of the piston’s descent, the steam- 
valve a is shut, and the elasticity of the 
steam within the cylinders carries the 
pistons forward to near the bottom of 
these cylinders, when the valves h and c 
are opened by the handles and plug- 
work, admitting the steam to pass from 
the upper sides of both pistons through 
the pipes B and E to the condensing 
vessel C, while the counter weight at 
the other end of the beam, or this con- 
nected with a fly-wheel, raises the pis- 
tons again, when the valves h and c are 
shut, and that of a opened by the plug- 
work; when the engiile makes another 
stroke, as before. The piston-rod R 
joins the working-beam in any of the 
usual modes, and, in other respects, the 
engine is much the same as in common 
practice. The specification of this pa- 
tent describes the ingenious furnace of 
this inventor. See article Furnaces. 

In 1802 Messrs.TREViTHiCK& Vivian 
(two engineers residing at Camhoume, 
in Cornwall,) obtained a patent for a 
high-pressure engine. The first applica- 
tion of high-pressure steam to an engine, 
was, as previously stated, described by 
Leupold ; the next proposal was vaguely 
made by Mr. Watt, in the fourth par- 
ticular of his specification of 1769, but the danger incident to the employment 
of an agent so formidable, was considered, so it would seem, too perilous an 
obstacle in the way of its introduction ; and up to this period, practical men 
had been contented with the bare conviction of its adaptability, without incur- 
ring the daring risk of its actual operations. 

[The distinction between a high-pressure and a low-pressure engine lies in 
the former being wrought solely by the expansive force of steam upon the piston 
both in its ascent and descent, whilst, in the latter, the elasticity of the steam 
is employed in lieu of atmospheric pressure. (See page 719.') The advan- 
tages of a high-pressure engine are chiefly the simpliciW and cheapness of its 
construction, the small space which it occupies, and the enonqously greater 
force applied to the piston — the pressure at which it is worked extending fre- 
quently to sixty or eighty jwunds per square inch. To these advantages, how- 
ever, are opposed the liabifity of the boiler to bursting, and thd impairment 
of the machinery by negligence or insufficient strengtn of the material.] 

The object for which Messrs. Trevithick and Vivian^esigned their engine, 
was that it might he applied to carriages for locomotion, for which the atmo- 
spheric engines, by their bulk, the cumbrous machinery of the condensing 
apparatus, and other «bvious considerations, were quite unfitted. Forsaking, 
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therefore, the now well-beaten path which their predecessors had followed, and 
fortified in their attempt by the facilities which superiority of construction in 
the details of mechanism at this tin^e afforded (facilities that the earlier experi- 
mentalists certainly did not possess, and obtained only through the attention that 
had been excited by the succjssful improvements made in other engines,) 
thej' at length contrived a machine, the introduction of which, by its excellence 
and efficacy, formed a new era in the history of steam power. 


Fig- 1 - 



A, Fig. 1, represents the boiler, made of a round figure to bear the expansive 
action of strong steam. The boiler is , fixed in a c^e D, luted inside with fire 
clay, the lower part of which constitutes the fire-place B, and the upper cavity 
affords a space round the boiler in which the flame, or heated vapour, circulates 
till it comes to the chirhney E. The case D and the chimney are fixed upon a 
platform F, the case being supported upon four legs ; C represents the cylinder, 
enclosed for the most^part in the boiler, having its nozle, steam-pipe, and bottom 
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cast all in one pieje (in order to resist the strong steam), and also with the sockets 
in which the iron uprights of the external frame are firmly fixed. G represents a 
cock for conducting the steam, as may be fnore clearly seen by observing Fig. 
2, which is a plan of the top of the cylinder. J, Fig. 2, represents the passage 
from the boiler to the cock G; this passage haj a throttle-valve or shut, adjust- 
able by a handle, so as to wire-draw the steam, and suffer the supply to be quicker 
or slower. The position of the cock is such that the communication from the 
boiler through b, by a channel in the cock, is made good to (f, which denotes the 
upper space of the cylinder above the piston, at the same time that the steam- 
pipe a (more fully represented in Fg. 1,J is made to afford a passage from the 
lower space in the cylinder, beneath the piston, to the channel C, through which 
the steam may escape into the outer air, or be directed or applied to heating 
fluids, or other useful purposes. It will be obvious, that if the cock be turned 
one qtiarter of a turn in either direction, it will make a communication from the 
boiler passage b, to the lower part of the cylinder, by or through a, at the same 
time that the passage r, from the upper part of the cylinder, will communicate 
with C, the passage for conveying off the steam. P Q is a piston rod, moving 
between guides, and driving the crank R S, by means of the rod Q R, the 
axis of which crank carries the fly T, and is the first mover to be applied to drive 
the machinery at S. X Y is a double snail, which, in its rotation presses down 
the small wheel O, and raises the weight N, by a motion in the joint M of the 
lever O N, from which downwards proceeds an arm M L, and consequently the 
extremity L is at the same time urged outwards. This action draws the hori- 
zontal bar L I, and carries the lever handle H I, which moves upon the axis 
of the cock G, through one-fourth of a circle. It must be understood that H I 
is fore-shortened (the extremity I being more remote from the observer than 
the extremity H), and also there is a clack or ratchet-wheel on the part H, 
which gathers up during the time that L is passing outwards, and does not then 
move the cock G, but that, when the part X of the snail opposite O, that is to 
say, when the piston is about the top of its stroke, then the wheel O suddenly 
falls into the concavity of the snail, and the extremity of L, by its return, at 
once pushes I H through the quarter circle, carries with it the cock G, and 
turns the steam upon the top of the piston, and also affords a passage for the 
steam to escape from beneath the piston. Every stroke, whether up or down, 
produces this effect by the half-turn of the snail, and reverses the steam ways 
as before described; or the cock may be turned by various well-known methods, 
such as the plug, with pins or clumps striking on a lever in the usual way, and 
the effect will be the same, whether the quarter turns be made backward or for- 
ward, or be a direct circular motion, as is produced by the machinery here repre- 
sented ; but the wear of the cock will be more uniform and regular if the turns 
be all made in the same way. Other illustrations of this simple and .beautiful 
machine appear in the article Railways. 

A patent was obtained by Mr. Arthur Woolfe, in 1804, for improvements 
in steam-engines, founded upon an assumed discovery by him, respecting the 
expansive properties of steam. If had been asserted, before his time, that steam, 
acting with the expansive force of four pounds per square inch, was capable of 
expanding itself to four times the volume it then occupied, and be still equal 
to the pressure of the atmosphere. Mr. Woolfe ’s experiments led him to infer 
that, in like manner, steam of the force of five pounds the square inch, could 
expand itself to five times its volume, and so on correspondingly in numerical 
relation up to twenty, forty, and fifty pounds the square inch. Subsequent 
investigation, however, demonstrated the error of his experiments, and the en- 
tire fallacy of the proposition deduced from them. In a former ^age are given 
tables of the expansive force of steam at different temperatures, and the gene- 
ral correctness of the state#nents which there appear has been since established, 
by the results of an inquiry instituted by the French Academy of Sciences. 

About seven years ago a committee was appointed for the express purpose of 
ascertaining the fact by the test of unexceptionable experiments ; and these 
were of such a nature, and so conducted, as to determine the question with suffi- 
cient precision for all practicable purposes. The committee resolved to estimate 
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the force of the steam by the column of mercury sustained, and for this pur- 
pose a glass tube, consisting of 13 pieces, each piece two metres (78.74 inches) 
in length, 5 millimetres (0.2 of an inch) in diameter, and the same in thickness, 
was prepared and erected in the tower of the dilapidated church of St. Genevieve. 
Lest the safety of the apparatus might be endangered by the sudden agitation 
of the mercury under the action of the steam from the boiler, a kind of mano- 
meter was constructed, in which the compression of a given volume of air should 
be ascertained by the column of mercury, and afterwards be employed to mea- 
sure the elasticity of vapour at various temperatures. In this way the estimates 
would be as accurate as if made directly by the column of mercury. Great pre- 
cautions were used to ascertain the temperature correctly. The first was to 
take account of the cooling elFect of the air on that part of the thermometer which 
was exterior to the boiler; this was done by retaining it constantly at the same 
temperature. The next was to prevent alteration in the capacity of the bulb, 
by allowing the vapour to press upon it : this was effected by putting the ther- 
mometers into gun barrels made thin, closed at one extremity, and filled with 
mercury ; these, when fitted to the boiler, were made to descend, one to the bot- 
tom of the boiler nearly, to give the temperature of the water ; the other to with- 
in a few inches of the water, to give the temperature of the vapour. 

The temperature and pressure were then experimentally ascertained up to 24 
atmospheres ; after which a formula was sought for, to determine higher pres- 
sures, and the accuracy of the formula ultimately adopted was evidenced by its 
near correspondence with the results of the experiments actually made by means 
of the apparatus : the greatest error was found at 8 atmospheres, and was then 
0.9 of a degree. It was more accurate for the higher pressures, being calcu- 
lated from them ; and the commissioners entertained no doubt that at 50 atmo- 
spheres the error is not more than 0.1 of a degree. The subjoined Table exhibits 
the estimates thus derived ; the first, third, and fifth columns representing the 
elasticity of the vapour (taking the pressure of the atmosphere as unity,) and 
the second, fourth, and sixth, representing the temperature according to the 
tliermometer of Fahrenheit 


I Blast. 

rikiSi 

Bl 

1 Therm. 

Elast. 

Therm. 

1 1 

212. 

7 

331.70 

19 

413.96 

li 

■ 233.96 

7) 

336.86 

20 

418.45 

2 

250.52 

8 

341.96 

21 

422.96 

2i 

263.84 

9 

350.78 

22 

427.28 

3 

275.18 

10 

358.88 

23 

431.42 

31 

285.08 

11 

367..34 

24 

435,56 

4 

293.72 

12 

374.00 

25 

439.31 

n 

301.28 

13 

380.66 

30 

457.16 

-5 

308.81 

14 

386.94 

35 

472.73 


314.24 

15 

392.36 

40 

486.59 

6 

320.36 

16 

398.48 

45 

491.14 

ei 

326.26 

17 

403.82 

50 

510.60 


• 1 

18 

408.92 




Mr. Henkjt Maodsley, of London, obtained a patent in 1807 for an engine 
of which the cut on the following page is an illustratfon. A represents a frame of 
thin cast-iron, for the purpose of fixing the cylinder. B B, two cold-water cisterns of 
sufficient size to admiMjf easy access to pumps within them, communicating with 
each other by apipea. C, the cylinder, surrounded by a casing 6, of copper or other 
material; the space between them being filled with wool, or other bad conductor 
of heat. D, the piston-rod, joined to smaller rods carried down on each side of 
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the cylinder to E, and having an opening or division, so as to avoid interfering with 
the main shaft. These rods, at their lower ends, are fixed to a wheel F, with a 
fluted rim, from the centre of which a connecting rod G is carried to the end 
of the crank. The wheel F runs between two guides c c, so as to preserve the 



rectilineal motion of the rods E, and the piston-rod D, H, a three-throw crank * 
J, a cross beam for working the pumps POM; its motion is procured by having 
a fork underneath it, which embraces one of the cranks H, on which is a roller 
for reducing friction. By this means the fork, and, consequently, the beam and 
pump-rods, are reciprocated by the revolution of ihe shaft. K, the fly-wheel- 
L, the condenser, containing the air-pump M. N, the hot-watir cistern, and 
O, the hot-water pump. P, the cold-water pump. Q, the injection-cock. Rj 
the steam-pipe from the ^boiler to the cylinder. S, the eduction-pipe. The 
steam is admitted into the cylinder by a four-way cock, which differs from that 
gener^iy used, by its being considerably more tapered, which effectually pre- 
vents it from jamming by unequal expansion or contraction, — an evil to which 
the common cock is liable. 

exceedingly neat and effective contrivance, and the engines erected 
by Mr. Maudsley on this modification, fully realized the expectations of the 
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inventor, and, by the superior workmanship exhibited in all their parts, gained 
for him a well-deserved popularity, as one of the best engine builders of his 

As a conclusion to this account, the two following modifications of the steam- 
engine are introduced, which, together with the description before given of the 
atmospheric engine, under SmAiton’s improvements, may be taken as fair illus- 
trations of the three varieties of this power, in the most simple and effective con- 
dition. They have been selected as affording general representations of the state to 
which the high-pressure and low-pressure engines have been now brought. From 
among the many excellent engines which proceed from the establishments of our 
manufacturers at the present day, it would be no easy task to particularize any 
one exclusively as being the best in contrivance or in workmanship ; it is enough 
to instance such as have been found, by practice and experience, to be among 
the best. 


Fig. 1. 



The first represents a portable high-pressure engihe, of great simplicity in its 
arrangements, and effective in its operations. That from which the drawings were 
made is calculated at t*vo horse-power, and is employed at Sheffield in working 
three pairs of large bellows, and in turning an enormous grindstone used for 
grinding the faces of anvils. The cylinder is seven inches in diameter. The 
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engine is worked sixty-six hours per week, and consumes one ton of small coal 
or culm, and 1,200 gallons of water, in that time. , . , , 

Fig. 1 is a side, and Fig. 2 a front elevation ; the boiler to which, drawn to 
the same scale, is given imder the article B&ioer, at page 199, Vol. I. We shall 
therefore briefly state in this place, that it is of the form of a long cylinder, fixed 
horizontally over the furnace and main flue, tlfe flame and heated gases 
returned through a tube, running longitudinally throughout the interior of the 
boUer, in their way to the chimney. A stone float and counter-weight is em- 
ployed to regulate the height of the water, in the usual manner. 


F,g.2. 



h, the steam-pipe leading from the boiler, in which is the throttle-valve i ; Jt 
the side-pipe, in which work the slide-valves kk, moved by the' rod I, attached 
to the eccentric m, in the shaft of the fly-wheel n. ooo axe brass stuffing-boxes ; 
p, the upper steam entrance to the cylinder ; q r, the pistop-rod working 
through the bridge s, and communicating with the crank t by the side- 
rods u «, — forming a very simple parallel motion; v v, pedestals support- 
ing the main sli^t, the rrevolution of which gives motion to a pair of 
bevel wheels, and thereby to the governor w, the expanding or contract- 
ing of the arms of which raises or depresses the coIJm a, and acts on the 
valve i, through the medium of the lever 1 and handle 2 ; 4 is the pump for 
supplying the boiler through a feed-pipe (not shown) worked by the rod 5, and 
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eccentric 6- 7 7 are the metal cheeks of the frame ; 8, the metal foundation 
plate unde^ which is a smaU cistern (not shown,) contammg a day s 
f^t^ Mer. At the bottom of thLide-pipe is an eductlon-pipe, (not shown,) 
tm :Wch tie steam is discharged into th/ 

plying the boiler after the steam Jias performed ite ofiSce in the cjftnaer. 
periphery of the fly-wheel is round in its transverse sectmn, and of cast iron, the 
Lms or^adii are of wrought iron, and are inserted into the former while casting. 
From this eicplanation of the wood-cuts the operation of the eiigindwiU be easily 

'^”Th?&xample selected of a Urn-pressure engine, is 

factored by Messrs. Rothwell, Hick, and Rotbwell, of Bolton, in LancasW 
It is a portable engine of 12 horses’ power; the steam cylinder is 19i inches in 
diameter, having a four-foot stroke, and making 27 strokes per minute. 



This engine consists, in the first place, of a large cast-iron plate, firmly bolted 
to stone or brick-work, on which the whole of the materiEds are fixed. The 
beam with all its appdhdages, is by this means supported, without being at all 
connected with the building, by a double diagonal frame, one-half surmounted 
by an entablature plate, to which the bearers or spring beams are attached, that 
receive the studs or centres of the radius rod of the parallel motion ; the 
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extreme ends of which are supported by a pillar resting on a bracket projecting 
from the hack of the cylinder. The pedestals in which the gudgeon of the beam 
works, rest on the entablature plate, and fire firmly secured by bolts passing 
through the whole. The side walls on which the foundation plate acts, are so 
far asunder as to allow a sufficiently wide recess Jo receive the condensing cistern, 
with its air-pumps and condenser, hot and cold-water pumps, as well as to afford 
room for getting down to secure the ends of the bolts. The governor is sup- 
ported by a standard placed directly over the crank shaft, and is turned by a 
single pair of bevel wheels. The upper part of it is hollow, to receive a small 
rod, that is attached by a cross pin to a brass sliding socket, which is connected 
with the governor arms by two small links, and partakes of the motion commu- 
nicated to them by the movement of the bils. The small rod has a communica- 
tion with the throttle-valves, by means of the levers fixed to the ceiling of the 
engine-house. 

The kind of boUer attached to this engine is of the waggon-shaped kind, a full 
description of which has already been given at page 198 of the first volume of 
this work. 

The steam cylinder and its casing are cast together in one piece ; the space 
betwixt them is constantly filled with steam, which prevents any condensation 
taking place within the cylinder, and serves also as a conducting-pipe for the 
steam to the boxes E, containing the sliding-valves, (which are generally' called 
D valves, from their resemblance in form to that letter,) through two separate 
openings for that purpose, in each of which is placed a throttle-valve, and on 
their spindles are levers, communicating by a rod with the governor, for regu- 
lating the speed of the engine. 

The sliding-valves are packed on their circular sides with a soft substance of 
hemp or flax, and in consequence of the steam being admitted to the under side 
of the top valve, and the upper side of the bottom valve, they of course 
require no more force to move them than what is necessary to overcome 
the friction of the packing, and the surface over which they slide. The 
weight of the valves and their rods are accurately counterbalanced by a 
movable weight or a lever under the cylinder, and are moved by an ec- 
centric circle, or the fly-wheel shaft. By the arrangement of having two 
throttle valves, the least difference in weight between those parts of the en- 
gine that are attached to the opposite ends of the working beam, can be regu- 
lated, by allowing a little more steam to pass in the same time through either of 
the valves, as may be found necessary, — thereby equalising, as much as possible, 
the action of the engine. One pipe, G, only is required in front of the cylinder, 
and that for the purpose of conducting the steam from the upper aide of the 
piston to the condenser. H, a vessel in which the condensation of the steam is 
effected after its escape from the cylinder, by admitting a quantity of cold water 
out of the condensing cistern I, through an injection cock, the opening of which 
is regulated by hand. The condensing cistern is supplied with water by the 
cold-water pump K. L is the hot water pump, used for raising water to supply 
the boiler; which water passes through a sm^ valve, and down the same pipe 
that contains the damper-float. This valve is connected with a lever, having one 
of its ends connected by a rod passing through a pipe with a stone float, that 
rises and falls with the surface of the water in the boiler, and thereby admitting 
a smaller or larger quantity of water, as may be requisite. This pipe, for the 
rod to pass through, has several advantages over the method of passing it through 
a stuffing-box on the boiler top ; as, in case the hot-water pump by any accident 
should cease to act, and the water get low in the boiler, the steam would make 
its escape before any serious injury could happen, — showing instantly that such 
was the fact, the moment it got below the end of the pipe. The friction be- 
tween the rod and the water being so trilling, insures an almost uniform re- 
gularity of action. N, a small cistern containing the blow-valve, for the pur- 
pose of allowing the air to escape from the cylinder, &c., previous to the engine 
being set to work. * 

In the compilation of the foregoing narrative of the origin and progress of the 
steam-engine the most standard authorities have been consulted. In describing 
the various engines selected for illustration, the words of the several inventors 
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have been adhered to as closely as possible ; and where the commentaries of early 
historians have become, as it were, identified with the explanations given, it was 
considered preferable to adopt their own expressions, than by clothing them in 
other language, to affect an air of fake originality. The writings of Mr. Farey, 
Mr. Stuart, and other able investigators, have, in occasional instances, been made 
tributary to the more clear and lucid explication of the particulars upon which 
they were resorted to for information. 

Those readers who may desire to acquaint themselves with the various modifi- 
cations of the engine by other and later inventors, will find in the Appendix to 
Galloway and Hebert’s History a more extensive account than is contained in 
any other published work. 

In other parts of this Encyclopedia, under their several titles, are described 
various modifications of the constituent parts of the mechanism of steam-engines ; 
such as Boilers, Valves, Pistons, Parallel Motion, &c., the absence of which in 
this place impairs, perhaps, the completeness of the descriptions given ; but, for 
the reason just assigned, their introduction was unnecessarju The numerous 
inventions of steam wheels and rotary engines have been very slightly alluded 
to, because, although much ingenuity is displayed in their contrivance, yet, as 
regards the greater number, practical triab have not corroborated the opinions 
at first entertained of their utility ; it was therefore thought better to allot the 
space which a description of them would have occupied, to more practically im- 
portant matter. The other motive powers which usually receive incidental notice 
m works on the Steam-Engine — such as the gas vacuum, alcohol, air-engines, 
&c., are described under their respective heads in this work; for which see their 
initial letters. 

STEAM-CARRIAGES. See Raiiways. 

STEAM-NAVIGATION. Tlie propulsion of ships and boats by the expan- 
sive force of steam. Amongst the innumerable advantages derived from the 
introduction of steam as a motive power, its application to the purposes of navi- 
gation very far surpasses all others in importance. If, (as our ablest writers 
and political economists admit,) highly beneficial consequences have resulted, 
and will continue to flow, from the great improvements made and making in 
our internal communications, it necessarily follows, that by extending these 
facilities from a single community to those of the various nations of the earth, and 
combining their interests by a rapid interchange of intelligence and productions, 
the most important benefits must follow. In reference to our increased powers 
of transition by steam from place to place, an eloquent writer has observed, — 
“The concentration of mind and exertion which a great metropolis always ex- 
hibits, wUl be extended in a considerable degree to the whole realm. The same effect 
will be produced as if all distances were lessened in the proportion in which 
the speed and cheapness of transit are increased. Towns at present removed 
some stages from the metropolis will become its suburbs ; others, now at a day’s 
journey, will be removed to its immediate vicinity ; business will be carried on 
with as much ease between them and the metropolis, as it is now between dis- 
tant points of the metropolis itself. Let those who discard speculations like these 
as wild and improbable recur to the state of public opinion at no very remote 
period, on the subject of steam-navigation. Within the memory of persons who 
have not yet passed the meridian of life, the possibility of traversing, by the 
steam-engine, the channels and seas that surround and intersect these islands, 
was regarded as the dream of enthusiasts. Nautical men, and men of science, re- 
jected such speculations with equal incredulity, and with little less than scorn for 
the understanding of those who could fora moment entertain them. Yet we have 
witnessed steam-engines traversing, not these channels and seas alone, but sweep- 
ing the face of the waters round every coast in Europe. The seas W'hich inter- 
pose between our Asiatic dominions and Egypt, and those which separate our 
own shores from our West Indian possessions, have offered an equally ineff'ectual 
barrier to its powers. Nor have the terrors of the Pacific prevented the En- 
terprise from doubling the Cape, and reaching the shores of India. If steam 
be not used as the onlj' means of connecting the most distant points of our 
planet, it is not because it is inadequate to the accomplishment of that end, but 
because the supply of the material, from which, at the present moment, it 
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derives its powers, is restricted by local and accidental circumstances.” The in- 
troduction of steam to propel ships has not merely had the effect of shortening 
voyages considerably, but it has lessened the obstacles and dangers of a voyage 
in the same proportion ; and in short trips, steam-vessels now generally effect 
them with nearly the same punctuality and regularity as journeys upon land. 

Long prior to the introduction of the steam«engine as a motivepower to drive 
machinery, a variety of contrivances were suggested, and some carried into prac- 
tice, to propel vessels in a calm ; such as paddles operating like ducks’ feet, by 
pushing out at the stern against the water ; the revolution of wheels with float- 
boards j the forcing out of water backwards, by means of pumps, &c. ; but the 
actuating force in these cases was not steam, but generally that of manual labour, 
through the medium of common mechanism. The earliest direct proposition 
for the employment of steam as a motive force, that we remember to have met 
with, occurs in the Miner’s Friend, written by the celebrated Captain Savery, 
and published in 1702: but it does not appear that Savery ever went beyond 
suggesting the possibility of the application. Dr. Papin, however, about the 
same period published, amongst otherinteresting projects, a method of propelling 
vessels against the wind, by means of steam. During his residence in England, 
this ingenious Frenchman had witnessed an interesting experiment made on the 
Thames, in which a boat, constructed from a design by the Prince Palatine 
Robert, was fitted with revolving oars, or paddles, attached to the two ends of a 
long axle going across the boat, and which received its motion from a trundle 
working in a wheel turned round by horses. The velocity with which this horse- 
boat was impelled was so great, that it left the King’s barge, manned with six- 
teen rowers, far a-stem in the race of trial. “’This,” observes Mr Stuart, “ was 
the mechanism he wanted ; but before he could avail himself of so fine a thought, 
it was necessary that he should contrive to convert the alternate motion of his 
piston-rod into a continuous rota^’ one. To one so well acquainted with mechani- 
cal contrivances there could be little difficulty in doing this ; watchmakers prac- 
tised various modes of converting the one motion into the other, and the one which 
occurred to Papin was suggested by clock-work mechanism. A rack was placed 
on the piston-rod, working into a pinion fastened on the axle of the revolving 
paddles. He employed two or three steam cylinders, and when the piston of 
the one was ascending, that of the other was working downwards ; and as they 
would give contrary motions, one was detached while the other was in action ; 
and by tbis means the motion could be made continuous and tolerably regtilar.” 
Whether Dr. Papin carried his project beyond that of making a model, does 
not appear from any authority with which we are acquainted. The next per- 
son that we meet with on record, was Dr. John Allen, who in 1730 published a 
treatise entitled Speeimina Ichnograpkia, or a brief Narrative of severed New 
Inventions, In this publication the Doctor describes several new inventions, 
and observes, that in them “ the motion was communicated by machinery 
working without the ship, something analogous to oars or paddles, or by the re- 
volution of wheels turned by a capstan placed witbin the ship on the con- 
trary, no part of the Doctor’s was placed on the outside of the vessel. His 
method was to form a tunnel or pipe, open at the stem of the vessel, and by 
means of a pump to force water or air through it into the sea ; and by' the re- 
action which this would occasion, the ship would be driven forward ; thereby 
accurately' “ imitating what the Author of nature has shown us in the swimming 
of fishes, who proceed in their progressive motion, not by any vibration of their 
fins as oars, but by protrusion with their tails ; and water-fowls swim forward 
by paddling with their feet behind their bodies.” The Doctor carried his scheme 
into practice on a canal, with a boat of considerable dimensions, working his 
pumps by manual labour ; he however suggested the employment of a steam- 
engine as a preferable power, and proposed its application to a vessel of 1400 
or 1500 tons burthen. TlWs project of Dr. Allen’s has been repeatedly proposed 
and published since by various individuals, and what is very remarkable, several 
patents have been taken out by different individuals for precisely the same thing, 
owing princip^y to the agents employed to procure the grants being ignorant 
of the mechamcal inventions. 

Seven years after the promulgation of Dr. Allen’s inventions, Jonathan Hulls 
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published “ a description and draught of a new-invented machine for carrying 
vessels or ships out of, or into, any harbour, port, or river, against wind or tide, 
or in a calm,” London 1737. has usually been regarded, iii consequence 

of this publication, and especially on account of the “ draught” which accom- 
panied it, as the first inventor of steam-boats ; and a copy of that draught is 
figured in numerous books, and designated as “ the first steam-boat.’’ 'The figure 
certainly presents more of the appearance of a steam-boat than did tbe generality 
of projects of his time. There is no evidence, however, of its having ever been 
constructed ; and there were no other arrangements in bis engine, or bis pro- 
pelling mechanism, (which consisted of the common float-wheel) than such as 
had previously been proposed, except the crank motion, of which he was tbe in- 
ventor and patentee. The crank, however, alone is enough to immortalize his name 
amongst mechanics, otring to its extreme simplicity, its utili^, its convenience, 
and its extensive application in converting the rectilineal into a rotary motion. 
It appears that it was this invention of the crank that led Hulls to propose its 
appUcatimi to the rectilineal motion of the engine, and thereby give a rotary 
motion to tbe paddles. But, as Mr. Elijah Galloway observes, tlm application 
of tbe crank to the single acting engine has always been foimd a matter of great 
difiSculty, because, as the ascending stroke has to be effected by a counterbalance, 
an immense fly-wheel is necessary to produce any thing like regularify, and it 
would be almost impossible to use such a fly-wheel in a steam-boat. In conse- 
quence of the want of proper machinery, Hulls’ idea fell to the ground, and was 
so com{detely forgotten, that Mr. Watt actually took out a patent for the appli- 
cation of the crank to the steam-engine. The perfection to which the revolving 
machinery was brought by Mr. Watt and others, opened the way to the ready 
application of steam for the purposes of navigation. As in ittany other dis- 
coveries of importance, there have been numerous candidates in diflerent coun- 
tries for the honour of the first invention of steam navigation. From a brief 
historical sketch given by Mr. John Fitch, an American, of his progress, it ap- 
pears that as early as 1775, the same thought bad also occurred to a Mr. Henry, of 
Lancaster, in Pennsylvania, and that in 1778 Mr. 'Thomas Paine (the celelnated 
political writer) bad mentioned a similar project to Andrew EUicot, famous in 
that country, in hb day, for hb ingenuity, 'fo Fitch, the project became, as it 
had been to some of his predecessors, a ruinous one. “ I confess," says be, 
“ that the first thought oS a steam-boat has been very unfortunate to me. 'The 
perplexities and embarrassments through which it has caused me to wade, far ex- 
ceed any thing that the common course of life ever presented to my view." 
Fitch h^ made a model of his contrivance, and shown it to General Washing- 
ton, who then recollected that a Mr. Rumsey, of Virginia, had mentioned the 
same subject to him in conversation in the Winter of 1 784. But Fitqh alleges 
that the model then exhibited by Rumsey to the General, was a boat to stem 
the current of rapid rivers, by nneans of wheels, cranks, and poles, a project 
which had many years before been tried on the Scbuyllkill, and failed. The 
inventions subsequently claimed by Rumsey, according to Fitch’s statement, 
were improvements at a later period, grafted on his first scheme, and after 
Rumsey had heard of his (Fitch's) experiments, and for which he had ample 
opportunities ; for as early as 1783, Fitch, on the Delaware river, had succeeded 
in moving a boat by paddles, which derived their motion from a steam-engine, 
and after some public trials, he presented a model and description of hb 
apparatus to a philosophical society in Philadelphia, and also to Congress in 
178.5. Both Fitch and Rumsey were supported by associations of wealthy per- 
sons, who were to share in the profits of the respective schemes, and who ad- 
vanced the money to make the experiments. 

Rumsey ’s boat, about 50 feet long, with which he made some short voyages on 
the Potomai^in 1787, was propelled by a vertical pgmp in the middle of the ves- 
sel, by which the water was drawn in at the bow and expelled at the stem, 
through a horizontal trunk in her bottom. The reaction of the efiluent water 
carried her at the raft of three or four miles an hour, when loaded with three 
tons, in addition to the weight of her engine, — which was a third of a ton. The 
boiler held no more than /pc gallons of water, and needed only a pint of water 
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at a time ; and the whole machinery did not occupy a space greater than that 
required for four barrels of flour. The fuel consumed was not moife than from 
four to six bushels of coals in twelve hour3| Rumsey’s second project was to 
apply the power of a steam-engine to long poles, which were to reach the bot- 
tom of the river, and by that means to push a boat against a rapid current. 

During these operations Fitch and his friend, fancying that a profitable har- 
vest might he reaped from the same invention, if put in operation in England, 
sent drawings of their apparatus to Bolton and W att, with instructions to pro- 
cure an Englbh patent for it. This measure coming to the knowledge of 
Rumsey’s company, they forthwith begin to contend with Fitch, even on the 
distant ground which he had selected as the scene of his future operations ; and 
Dr. Benjamin Rush entered the lists as a volunteer partisan of Rumsey. In a 
letter to Dr. Lettsom, Dr. Rush states, “a certain Mr. Rumsey, from Virginia, 
strongly recommended by General Washington, lately produced the plan of a 
machine in our city, for improving the steam-engine, by reducing the fuel they 
consumed to one-eighth part of the usual quantity. This plan, it is suspected, has 
been copied, with a few timing variations, hy a person in this city, (equally known 
for plagiarism in philosophy, and a licentious . opposition to the proposed con- 
stitution of the United States,) and transmitted to Mr. Bolton, of London, with 
the view of obtaining a patent for it. The only design of this letter is to 
request you to suggest to Mr. Bolton, and to assure him that proper vouchers 
wiU be sent to him, which will irrefragibly prove that the sole honour of the in- 
vention belongs to Mr. Rumsey, and that, if any emolument arises from it, he 
alone is entitled to it." “ Mr. Rumsey,” continues the partisan Doctor, “ pos- 
sesses a very uncommon mechanical genius ; he has invented a boat which sails, 
hy means of steam, four miles an hour against the stream ; he expects to increase 
the velocitj’of his boat to ten miles an hour, by the application of the principles of 
his new steam-engine to the discovery — his modesty is equal to his talents for 
invention. In behalf of his friends, (who are among the worthiest citizens,) I 
write to you in his favoiu. Your name and character are well known in our 
city ; we look up to you to protect rising genius, to detect and defeat fraud, and 
to reward industry and integrity, in a country which has exhibited so many 
shining examples of them all, in the promotion of science.” 

To neutralize the efiect of this letter, the friends of Fitch also addressed s 
statement of their case to the same great man. In the communication of 
Mr. Thornton, which is characterised by candour and kind temperate feeling, 
he says to Dr. Lettsom, — “ I find the company of which Mr. Rumsey is 
principal, has procured a letter of introduction to thee from our good and 
worthy friend. Dr. Rush. He pretends (Rumsey, I meau,) to he the inventor 
of the steam-boat ; I have, however, enclosed thee a couple of pamphlets, 
proving that he got it from Mr. Fitch, of Philadelphia. 'These pamphlets were 
published before I had any thing to do in the afiair ; and on becoming acquainted 
with it fully, I purchased four shares, or one-tenth of the discovery. The boat 
is to be tried tliis evening, or to-morrow, and I will endeavour to give thee an 
accoimt of it. Ours is moved with paddles placed at the stern, and worked hy 
a small steam-engine.” Fitch, however, according to Mr. Stuart, in his 
jinecdotes of Steam-enginet, did nothing in England, and the boat built at the 
expense of his wealthy frriends on the Hudson, served only to make some 
unsatisfactory experiments. Rumsey’s experiments, which were conducted 
on the Potomac, were equally unsatisfactory ; and they were both partially 
abandoned. 

About the same period, Oliver Evans, a very ingenious mechanic, and a 
townsman of Fitch, was endeavouring to mature a plan for using st^am of a very 
high pressure ; chiefly with the view of propelling waggons on the common 
ro^s : and he states that he published, in 1785, a d^escription of a mode of pro- 
pelling vessels by steam; ffora which circumstance, he has been* regarded by 
severd authors as the contriver of “ practicable ” sUam-boats ; his real claim, 
however, to that distinction, appears to us very slender, tas we do not discover 
any propositions regarding steam-boats in his narrative, that had not been pre- 
viously suggested ; and the only fact which he has adduced of his practice, is 
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thus related by himself. “ In the year 1804, I constructed at my works, situ- 
ated a mile and a half from the water, by order of the Board of Health of the 
city of Philadelphia, a machine for cleansing docks. It consisted of a large flat, 
or lighter, with a steam-engine of the power of five horses on board, to work 
machinery to raise the mud into lighters. This was a fine opportunity to show 
the public that my engine could propel both land and water carriages, and I 
resolved to do it. When the work was finished, I put wheels under it, and 
though it was equal in weight to two hundred barrels of flour, and the wheels 
were fixed on wooden axletrees for this temporary purpose, in a very rough 
manner, and attended with great friction of course, yet with this small engine, 
I transported my great burthen to the Schuyllkill with ease ; and when it was 
launched into the water, I fixed a paddle-wheel at the stem, and drove it down 
the Schuylkill to Delaware, and up the Delaware to the city ; leaving all the 
vessels going up behind me, at least half-way, the wind being ahead.” Evans 
does not affect to consider that this clumsy make-shift experiment, entitled him 
to be considered the inventor of “ practicable ” steam-boats ; for he, as well as 
other able mechanics, were capable, at that period, of mating a much more 
efiieient display. 

The claims to invention, of one of our countrymen, appear to us to be much 
stronger, in “ ^ thort Narrative of Facts, relative to the Invention and Practice of 
Steam Navigation, hy the late Patrick Miller, Esq, of Dalswinton, drawn up by 
his eldest son," and published in the Edinburgh PhilosophicalJournal for 1824. 
In 1787, Mr. Miller published a description and drawings of a triple vessel, 
moved with wheels, and gave a short account of the properties and advantages 
of the invention. “ In the course of his explanations," observes the son, “ he 
suggested that the power of a steam-engine may be applied to move the wheels 
so as to give them a quicker motion, and consequently to increase that of the 
ship. It may readily be believed, that this hint of his intention to apply the 
power of steam to the wheels of his double and triple vessels, was not hastily 
thrown out. In the course of his various experiments on the comparative velocity 
of his vessels, with those propelled by sails, or by ordinary oars, which had 
given occasion to several interesting and animating contests for superiority, he 
had strongly felt the necessity of employing a higher force than that of the 
human arm, aided, as it might be, by the ordinary mechanical contrivances ; 
and in this view, various suggestions were successively adopted, and, in their 
turn, laid aside. Thus, at one time it occurred to him, that the power of horses 
might be usefully employed ; while at another, the aid of wind itself seemed to 
furnish the means of counteracting its own direction and ordinary operation. 
But among all the possible varieties of force, that of steam presented itself to 
his mind as at once the most potent, the most certain, and the most manageable.” 

In Miller’s family there was at this time, as tutor to his young children, 
Mr. James Taylor, who had bestowed much attention on the steam-engine, and 
who was in the custom of assisting Miller in his experiments on naval architec- 
ture, and the sailing of boats. One day, in the very heat of a keen and 
breathless contest in which they were engaged on the Leith establishment, this 
individual called out to his patron, that they only wanted the assistance of a 
steam-engine to beat their opponents ; for the power of the boat did not move 
the wheels more than five miles per hour. This was not lost on Miller, and it 
led to many discussions on the subject; and it was under very confident 
belief in its success, that the allusion was made to it in the book already 
mentioned. 

In making his first experiments. Miller deemed it advisable, in every point 
of view, to begin upon a small scde, yet a scale quite sufficient to determine 
the problem which it was his object to solve. He had constructed a very 
ban^orae dquble vessel, with wheels, to be used as a pleasure-boat on his lake 
at Dalswinton, and in this vessel he resolved to Ify the application of steam. 
On looking round for a practical engineer to execute the work, 'Taylor recom- 
mended a Mr. Willimn Lymington to his attention, whom he had known at 
school, and who had recently contrived a mode of applying the force of steam 
to wheel carriages ; and he accompanied Miller to the house of Mr Gilbert 
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Meason, in Edinburgh, to see the model. Pleased with this specimen of 
; Lymin^on’s ingenuity, he employed him, in conjunction with his friend Taylor, 
to superintend the construction of a sm^^steam-engine, to work a double or 
twin boat. And in the autumn of the same year, the engine, which had brass 
cylinders of four inches in diameter, was fixed in the pleasure boat, on 
Dalswinton Loch. Nothing could be more gratifying or complete than the 
success of the first trial ; and while for several weeks it continued to delight 
Miller and his visitors, it afibrded him the fullest assurance of the justness of 
his own anticipation, of the possibility of applying to the propulsion of his 
vessels, the u^imitable power of steam. On the approach of winter, the 
apparatus was removed from the boat, and placed as a sort of trophy in his 
library at Dalswinton, and is still preserved by his family, as a monument of 
the earliest instance of actual navigation by steam in Great Britain. 

Lymington, in the sueceeding year, was again commissioned by his patron to 
try the experiment on a greater scale ; a double vessel, sixty feet long, was to 
be fitted with an engine and revolving paddles, suited to the supposed exigencies 
of the case. The engine and machinery were constructed at Carron, and, in 
the course of six months, the vessel was ready to be put in motion. In 
December, 1789, it was taken into the Forth, and Clyde Canal, and in the 
presence of a vast number of spectators, the machinery was put in motion. 
This second trial promised to be every way as prosperous as the first. It 
happened, unluckily however, that the revolving paddles had not been made of 
sufficient strength ; and when they were brought into full action, several of the 
float-boards were carried away, and a very vexatious atop was that day put to 
the voyage. The damage was repaired, and, on the 25th of December, the 
steam-boat was put in motion, and carried along the canal at the rate of seven 
miles an hour, without any untoward accident, although it appeared evident 
that the weight of the engine was an over burden for the vessel, (her planking 
being only three-quarters of an inch thick,) and that under such a strain it 
would have been imprudent to have ventured to sea. The experiment however, 
was again repeated, on the two following days ; and having thus satisfied 
himself of the practicability of his scheme, he gave orders for unshipping the 
apparatus, and laying it up in the storehouses of the Carron Company. 

“ It may naturally occasion surprise and disappointment," continues his son, 
" that I should have to terminate here this account of my father’s experiments 
on steam navigation ; that he did not follow up these prosperous and decisive 
trials of efficacy, with the same spirit and perseverance, which had been so 
conspicuous in many other instances, must for ever be matter of regret to his 
family, as it was to himself in the latter years of his life." The fact, however, 
was, that he had to complain of the enormous expense in which he had been 
involved; “ and I may be permitted to add,” continues his son, “ that by this 
time my father, in the prosecution of bis various schemes of a purely public natme, 
and without the slightest chance or expectation of reimbursement, had expended 
upwards of thirty thousand pounds.” And, being by this time ardently engaged 
in amicultural pursuits, his attenfion was more easily turned from the objects of 
his former speculations, thsm those acquainted with bis character would have been 
prepared to anticipate. Be that as it may, it cannot be disputed, that in point 
m fact, he had fully established the practicability of 'propelling vessels of any size 
by means of wheels or revolving paddles, and of adapting to these the powers 
of the steam-engine, although in the subordinate details of execution, great 
room remained for minor improvements, “ Of my father’s peculiar and 
undoubted merits as an inventor, I have,” continues his son, with a pardonable 
part^ity, “ endeavoured to give a fair and unvarnished account f and of the 
reality of that invention, as carried into actual practice in the year 1788, and 
1789, no demonstration inore unequivocal can be desired than that, with his 
few but satisfactory experim^tSy the prosecution of this momentoua discovery 
remained suspended for many years in a state of inactivity and neglect, till, at 
a period comparatively recent, it was revived in America,* and in this country, 
by persons who can be proved to have derived their first lights from Dalswinton 
and at Carron. But I have felt no other desire than to record the facts 
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immediately connected with my father’s operations, and to establish the priority 
of his claims to the credit of haring originated, and carried into practical 
execution, an improvement in themauticm art, by far the most important of 
which the present age has to boast; and the ultimate effects of which, on the 
future intercourse of mankind, the most sanguine imagination would attempt in 
vain to predict.” But few experiments of importance appear to have been 
tried, after those of Mr. Miller, until the celebrated American engineer, 
Robert Fulton, constructed a steam boat, which was launched at New York, in 
1807, and began to-run as a passage boat between that city and Albany. 'The 
engine was obtained from Bolton and Watt, whose workmen accompanied it, 
and fixed it in the vesseL Upon the occasion of its being launched, and 
removed to the opposite shore of Jersey, Golden says, “nothing could exceed 
the surprise and admiration of all who witnessed the experiment. The minds 
of the most incredulous were changed in a few minutes ; before the boat had 
made the progress of a quarter of a mile, the greatest unbeliever must have 
been converted. The man who, white he looked on the expensive machine, 
thanked his stars that he had more wisdom than to waste his money in such idle 
schemes, changed the expression of his features as the boat moved from the 
wharf, and gained her speed ; his complacent smile gradually stiffened into an 
expression of wonder : the jeers of the ignorant, who had neither sense nor 
feeling enough to repress their contemptuous ridicule and rude jokes, were 
sileneed for the moment by a vulgar astonishment, which deprived them of the 
powers of utterance, till the triumph of genius extorted from the credulous 
multitude, which crowded the shores, shouts and acclamations of congratulations 
of applause. This far-famed vessel, which was the Clermont, soon after sailed 
for Albany, and on her first voyage arrived at her destination without any 
accident She excited the astonishment of the inhabitants of the shores of the 
Hudson, many of whom had never heard even of an engine, much less of a 
steam-boat She was described by some, who had indistinctly seen her passing 
in the night, as a monster moving on the waters, defying the winds and tide, 
and breathing flame and smoke. She bad the most terrific appearance from 
other vessels, which were navigating the river when she was making her 
passage. The first steam-boats, as others yet do, used dry pine wood for fuel, 
which sends forth a column of flame, many feet above the flue ; and whenever 
the fire is stirred, a galaxy of sparks fly off, which in the night have a brilliant 
and beautiful appearance. This uncommon light first attracted the attention of 
the crews of other vessels. Notwithstanding me wind and tide were adverse to 
its approach, they saw with astonishment that it was rapidly advancing towards 
them ; and when it came so near, as that the noise of the machinery and the 
paddles was heard, the crews in some instances shrank beneath their decks 
from the terrific sight ; and others left their vessels to go on shore, while others 
prostrated themselves, and besought Providence to protect them from the 
approach of the horrible monster which was marching on the tides, and lighting 
its path by the fires which it vomited.” This first voyage, of about 150 miles, 
was performed in 32 hours, which gives a speed of nearly five miles an hour. 
The return to New York was effected in the same space of time ; but, in botli 
going and returning, the wind, a light breeze, was a-head, and the whole voyage 
performed by the engine and wheels. In the course of it, the voyagers overtook 
many sloops and schooners beating to windward, and parted wim them as if 
they had been at anchor. Admirable as this early experiment unquestionably 
was, the speed was but little more than one-third of that now attained. 
Perhaps the cause of this difference of efilect will be in some measure accounted 
for, by the following particulars of the construction of the Clermont ; namely, 
length of boat, 133 feet ; depth, 7 feet ; breadth, 18 feet. The boiler, 20 feet long, 
7 deep, and^S broad. The steam cylinder 2 feet i(i diameter, length of stroke 4 
feet. The diameter of the propelling wheels 15 feet, breadth 4 feet, and dipping 
2 feet into the water. Burden 160 tons. ° 

It is the opinion of the elegant and acute writer, Mr. Stuart, whom we have 
so often quoted, ^that “ there is probably no one, whose name is associated with 
the history of this mechanism, and whose labours have received so large a share 
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of applause, appears to have less claim to notice as an inventor than Robert 
Fulton.” Although we cannot dissent from the strict literal meaning of this 
observation, we think it would be illiberal not to concede, that it has been chiefly 
owing to the talent, energy, and perseverance of Fulton, that the crude and 

E reviously abortive schemes of other inventors! were carried into practical and 
eneflcial operation. Several years elapsed before steam-boats were established 
in this country. In 1812, a boat, called the Comet, was tried on the Clyde. 
Shortly afterwards, Mr. Lawrence, of Bristol, constructed a steam-boat, which 
he tried on the Avon, and finding it successful, proceeded with her through the 
canals, to the Thames ; but, in consequence of some of the bye-laws of the 
Waterman’s Company, he was prevented from using her profitably, and imder 
the necessity of returning her to the Avon. After this, steam-boats were tried 
on various rivers, both in England and Scotland, with different success. These 
were generally, as may be naturally concluded, of a very imperfect construction. 
The speculation being then extremely hazardous, old boats, and, in some cases, 
old engines were adopted, to save expense : the consequence of which was, that 
these experimenters just proved the advantages of steam-navigation, so far as 
to warrant other parties to construct superior vessels and engines, and thereby 
reap the profit. 

The construction of the engines in these boats resembled each other pretty 
nearly, being generally beam-engines, the beam working above the deck, and 
having an erection for the purpose of covering the machinery, which was gene- 
rally above the level of the deck, the main difference being in the mode of 
applying the force of the engine to the propelling mechanism in the water. 
Several of these plans it will be proper to notice, in addition to those mentioned 
in the foregoing historical notice. 

One method was by a species of folding-oar, which opened outward when it 
was moved toward the stern, but which folded into a smaller space by the reverse 
motion. Several forms of screws have likewise been suggested and patented ; 
the screw being immersed in the water, and made to rotate, causing the conti- 
nuous inclined plane of its worm to be forced against the fluid, and, by the 
reaction of the latter, to push the vessel forward. Apparatus resembling the 
action of ducks’ feet, the fins of fishes, the motion of dogs’ feet, the opening and 
shutting of doors, or of flaps upon hinges, expanding and contracting umbrellas. 
Noue of these, however, have as yet been found so efficacious as the common 
float-wheel, on account of the simple mode by which it may be attached to the 
machinery, as well as from its combining great strength and compactness. A 
variety of modifications of the common t^eel have, however, been tried, to avoid 
the loss of power and inconvenience arising from the hack-rooter, or water 
thrown up by the emerging of the float ; a variety of which are given in the 
appendix to “ Galloway’s History of the Steam-Engine but these form but a 
small part of the numerous contrivances, designed with the same object, and 
which have been made the subjects of patents. 

Various attempts have likewise been made to give motion to the boat by 
means of paddles attached to chains, which pass over two drums placed on the 
side of a vessel, as represented in the drawing, by which it was expected that 
the effect would be considerably increased by the number of paddies which were 
acting upon the water at the same time. 
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It was, howcTer, found on trial, that the great friction of the chains, together 
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with the number of parts, which were exposed to injury, prevented their suc- 
cessful adoption. Another method, upon a somewhat similar principle, is repre- 
sented in the accompanying figure. The cranks a a are moved by the engine, 






and turn with them the horizontal bar, to which are fixed the vertical paddles. 
By tills method all the paddles are immersed in the water in a vertical position, 
and raised out of it in the like manner ; but although the back-water is avoided 
by this method, yet it is obvious that another difficulty is encountered, of a more 
formidable nature ; which is, that the motion of the paddles, in entering, is ex- 
ceedingly slow, and probably slower than the speed at which the vessel passes 
through the water ; so that, unless the speed be too great when the paddles move 
at their greatest velocity, namely, when the cranks are vertical, they must, at 
entering and leaving the water, considerably impede the motion of the boat. 

A method of keeping the paddles vertical, during the revolution, is described 
by Mr. Robertson Buchanan, in his “ Treatise on propelling Vessels by Steam,” 
which he thus explains : — 

“ If two equal rings or circular lines in the same plane, or in planes parallel to 
each other, be conceived to revolve each upon its respective centre in its own 
plane, with one and the same uniibrm velocity, and in the same direction with 
regard to parts of the rings, or lines alike situated, and any point be taken in 
one of the lines or rings, and a right line to be drawn from that point, parallel 
to a line supposed to join the centres, until it meets the other ring or circle, 
then the right line so drawn will be equal to the line of distance between the 
centres, and will continue equal and parallel to that line of distance during the 
whole of every revolution so made.” 



rhe dotted circle and the black circle in the accompanying figure, denote the 
rings or circles mentioned in the theorem, and y and * denote their centres ; 
the lines 1 a, parallel to, and equal to the line of distance of the centres 
will contimte equal and parallel to that line of dii^ance, in the position of 2 c, 
and 3 e, and 4 g, and all other positions into which the point I can be brought 
during the uniform, .equal, and similarly directed revolutions of the two cirdes! 

It will be evident on a little inspection, that this paddle wheel of Mr. Bucha- 
nan’s is, (as he observed himself) liable to the objections stated to exist ac-ainst 
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the Iasi described apparatus, namely, that of impeding the speed of the boat, by 
its comparatively slow motion on entering and leaving the water. This fault, 
together with that of great complexity, and consequent liability to breakage, 
will probably preclude its successful adoption ; although there have been many 
recent attempts to introduce i[. 

In the early constructed steam-boats only one steam cylinder was employed, 
but now it is the invariable custom to use two steam cylinders ; each of which is 
made to work a crank upon the axle of the paddle wheels. The cranks are at 
right angles to each other, so that when one is passing the dead point, the 
other is exerting its utmost force. In America the engines are usually on the 
high-pressure plan, and the boilers as well as the principal part of the machinery 
upon deck. In British steam-vessels the engines are principally constructed on 
the low-pressure condensing principle, and the machinery all below deck. The 
latter circumstance renders it indispensable to diminish the height of the en- 
gines, and to transfer the working beams from above the cylinders to beneath 
them. To reduce the height also, the cylinders are made of greater diameter, 
in proportion to their length, than in land engines. A tolerably correct idea 
of the general arrangement of the machinery, as well as the various accommo- 
dations in a steam passage boat, will he afforded by the figures on the oppo- 
site page. 

The upper figure represents a longitudinal and vertical section, from stem to 
stern, of a steam-vessel; and the lower figure a plan of the same, with the deck 
removed ; similar letters in each figure refer to the corresponding parts. 

a a are two boilers ; b the chimney, leading from the flues of both the fires ; 
c is the steam-pipe, only partly brought into view in the section, but its course 
is better seen in the plan, where it is shown to proceed from both the boilers 
into a single tube, which conveys it into another cross tube, that connects it to 
the two cylinders d d, by the intervention of the valve boxes f f. The air-pumps 
e e, are worked by the main beam, and the eccentric, for giving motion to the 
valves, is shown at g. The paddle-wheels h h, ard usually attached to the main 
crank by a coupling-box, or toothed wheels, which enables the engineer to throw 
off eitlier of the propelling wheels at pleasure ; i, one of the paddle-boxes, seen 
only in the section, j is the fore-cabin, k the after-cabin, o o are staircases ; 
2 1 / / the framing of timber which supports a platform or deck (commonly called 
the gangway,) which nearly surrounds the hull of the vessel. 

The American steamers are for the most part fitted up with more extensive 
and splendid accommodations tlian our own. The dining-room of The North 
America is described as being 150 feet in length, and to be capable of dining 
from 700 to 1000 passengers! The floors are covered with the finest carpets ; 
the curtains of damask silk, and the ornamental work elaborately carved, and 
richly, gilt. The walls are hung with the works of celebrated artists, &c. The 
fare from New York to Albany, including three meals, is only four dollars. It 
is usually performed (144 miles,) within twelve hours, including stoppages in 
the voyage at ten or twelve different places. There being-no machinery below, 
the whole extent of the hull of the vessel is left open for those various commo- 
dious arrangements, which in reality constitute an American steamer into a 
grand floating hotel. ITie British steamers being, on the contrary, built to sus- 
tain the waves of the ocean, are differently constructed, A good example of 
the construction of steamers in this country is afforded by The United King- 
dom packet, drom London to Leith, which is usually performed in from 40 to 
50 hours. She measures 148 feet in the keel, and the breadth of her beam is 
45 feet. Tbe accommodations for passengers are of the most elegant and con- 
venient description. She is propelled by two engines of 100 horse power each, 
(constructed by Mr. Napier, of Glasgow,) which are considered as specimens of 
very superior workmanship. As these sorts of engines very nearly resemble each 
other, we have selected those of this vessel as illustrations of the mode in which 
steam-boat engines are usually constructed. The boilers to this engine we have 
already described uhder that head, pages 214, 215,VolI. ; we shall therefore 
confine our notice here to the engines only. 

In the subjoined engraving. Fig. 1 represents an end view of the two engines, 
and Fig. 2, a side view of one of them. The letters refer to the same parts in 
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each. The cyliadera a a are of cast iron, and fixed to a framing, which is 
bolted to the bottom of the boat. The piston-rods h h, are keyed at the upper 
ends, to the cross heads c c ; to the exterior ends of which are attached the 
connecting-rods d d. The lower elids of these connecting-rods are inserted in 
the fork end of the beams e e, which vibrate upon a shMtyi the bearances of 
which rest upon the top of the condenser g. In the same forks are inserted the 
ends of other connecting-rods h h, which are keyed at their upper ends to cross 
heads i t. In the centre of these cross-heads are bushes large enough to receive 
the vodajj, which extend to the crank pins of the cranks k k. These cranks 
are fixed to the main shaft, which rests upon the bearances 1 1, upon the arches 
m, which are bolted to the cross beam, as at a. The shafts are shown 
as broken off at the outer ends, but they extend to the outside of the paddle 
wheel. 

The side beams e e, are not straight, but have two bands, represented by the 
lighter parts of the stading, the ends pear the cylinder being therefore much 
farther apart than the opposite ends, so that they may take up as little room as 
possible, by lying close to the respective parts of the machinery. They are 
also forked at the end nearest the air-pump u, so as to admit the insertion of 
the pump-rods p, which are connected at their upper ends to the cross-bead q, 
in a bush, in the centre of which is keyed the air-pump rod r. Connecting-rods 
t, are attached at /, to the side beams e, and at their upper ends to cross-heads, 
which are connected as at u u, (Itg. 1,) to two rods, which work the plungers 
of two feed-pumps o, for supplying the boiler, j is the apparatus for blow- 
ing through, previous to starting the engine. It consists of a cock, which opens 
or closes a communication between the steam-chest and condensers, by turning 
the handle. The rod and levers:, are for the piurposeof regulating the quantity 
of injection water which enters into the condenser, by a pipe from the outside 
of the vessel, and can be increased and lessened in quantity, by turning a cock 
to which the rod x is attached, g is the hot-well, into which the condensing 
water is discharged from the air-pump. The feed-pump^ are supplied with 
water finm this bot-weU, through the medium of a pipe, the overplus being dis- 
charged through the side of the vessel, by another pipe which is not seen. In 
the steam chest 1, is contained the sliding-valve. For the purpose of explain- 
ing its principle, we shall here introduce a separate diagram, which may be taken 
as a representation of the best form in which it is constructed, though it varies 
somewhat in its relative position from that of the engine we now describe. The 
cylinder a, in the following figure, has two apertures b c, at top and bottom, to 
which are bolted and cemented the upright pipe d, having near its centre, or in 
any other convenient part, a broad face represented at e, in which are three ob- 
long holes, the upper one running into the cylinder through b, and the lower 
one into the cylinder through c. The middle one communicates with a sepa- 
rate recess h, to which is attached a pipe, which forms a communication with 
the condenser. The steam chest ^ is a rectangular box of cast iron, and has a 
pipe attached to it from the boiler ; this chest is covered over and made steam- 
tight by a lid y screwed to it. Pn the upper side of the steam chest is a stufiSng- 
box, through which passes a turned rod for working the slide-valve A, which is 
represented in section. 

This valve has a flat face, neatly ground to the surface e, sufiScient to cover 
two of the holes of e, and twice the breadth of any one of the surfaces interven- 
ing between any of the holes in e. The valve is raised into a box fi'om its open 
interior part, being of sufiScient dimensions to cover, in its present situation, two 
of the passages e, and leave open a third, the bottom one in the present instance 
being open. 

If steam were admitted into the steam chest whilst the valve was in its highest 
position, it could only enter into the cylinder through c, and consequently would 
cause the piston to ascend, whilst the air above it vwiuld be discharged through b, 
and the open part of the valve, and so into the condenser. But suppose the 
valve to be depressed so as to cover the middle and lowest holes, then the steam 
from the boiler would have free communication with the upper side of the pis- 
ton through b, which it would consequently force downward, whilst the steam 
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used in the ascending stroke would be discharged into the condenser, through 
the interior of the sliding valve; so that by changing the situation of the valve, 
the piston may be made to ascend or descend at pleasure. The mode by which 
the valves in the engine before mentioned are worked, is by eccentrics on the 



main shaft, which work cranks ; a spindle extends across between the support- 
ing columns, in the centre of which is another crank, which gives motion to a 
slide-rod, through the medium of two other rods. The piston-rods and cross- 
heads presert'e their vertical motion by horizontal bars, having adjustable brasses 
on their outer ends, fitted to the columns, upon which they work smoothly up 
and down. The framing of the two engines is boimd together by eight bars, 
meeting together in the ball 10, upon the t(^ of which is fixed a lamp 11. 

STEEL. A peculiar combination of carbon with iron. It is chiefly used for 
edge tools, and other sharp cutting instruments, where great hardness is re- 
quired ; and from the fine polish of which it is susceptible, its applications to 
ornamental as well as useful purposes are as obvious as they are well known. 
See Iron, 

STEELYARD. A machine for ascertaining the weights of bodies, usually 
denominated the Roman balance. It consists of a lever of unequ^ arms, sus- 
pended horizontally ; to the shorter of the two arms is suspended the article to 
be weighed, and on the longer arm a weight is made to traverse, until the beam 
rests in a horizontal position; the position of the traversing weight indicating 
the weight of the article, which is engraved on the beam where the weight stops. 
See the articles Balance and Lever. There is, however,sanother kind of steel- 
yards in extensive use for domestic and other purposes, wherein great nicety in 
weighing is not appreciated. They are usually called “ pocket steelyards," and 
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are thus constructed : — In the centre of a distended spiral spring of many coils, 
is 3 metallic bar, on which are marked the divisions of the scale, according to 
the amount of force or weight in pounds, requisite to compress the spring to 
any point represented. To one end of the bar is rivetted a plate, to press upon 
the spring, which are both in a cylindrical metal case ; the other end of the bar 
passes freely through a hole in*the bottom flat end of the case, where it is con- 
nected to a hook, on which the article or goods to be weighed are hung ; and 
according to their actual weight the bar, by compressing the spring, is externally 
protruded, showing by the figure on the scale the weight of substance suspended. 
A great variety of machines for indicating weight and pressure by the elastic 
resistance of springs have been invented, and several have been described in the 
course of this work, (see the articles Dynamometeb. Cable, and others,) and 
we shall here add one more, which has been brought into very extensive use by 
the diligence and skill of Mr. Marriott, of London. The machine we allude 
to is denominated Marriott’s Patent Weighing Machine. It is an invention of 
150 years standing, and the improvements made by Mr. Marriott relate to 
some minutiae, which, though of a subordinate, are not of a useless character. 
The annexed diagram is illustrative of the construction of the internal part. 
a is the ring by which the machine is suspended : to the stem proceeding 
from the ring the uppermost side of a strong elliptical steel spring is made 
fast by a nut and screw ; at 5 is suspended the scale, or other receptacle to 

hold the goods to be weighed ; the 
stem of this is secured to the lower- 
most side of the spring, and like- 
wise at its upper extremity to a 
vertical rack c, which is drawn 
downwards as the elasticity of the 
spring is operated upon by the 
weight ; the descent of the rack 
turns a small toothed pinion d, on 
the axis of which is fixed a hand e, 
that points out upon the graduated 
circle/ the amoimt of the force or 
weight applied. The inner circle 
ff, shows the periphery of the circu- 
lar box, which encloses the parts de- 
lineated within it. The periphery 
of the front plate and the index are 
shown in dotted lines, as they are 
not supposed to he seen in this view 
of the api'aratus. This machine is 
extremely convenient and portable, 
it requires no weight, may be hung 
up any where, and is sufficiently 
accurate for the generality of pur- 
poses, where inaccuracies to tlie ex- 
tent of a few small fractional parts 
are ot no moment. 

STILL. The name of the principal vessel in which distillation is conducted. 
See a great variety of them under the heads ,'Vlcohol, Distillation, &c. 

STIPPLING. A mode of engraving on copper by means of dots, as contra- 
distinguished from a coarse of continued lines. The term is likewise applied 
to the mode adopted by some artists in drawing, of putting in the tints and 
shadows of black lead or crayons, by means of the end of a piece of coiled 
paper, charged with the pigment, with which it is stippled or stamped on to 
the surface of the paper. Good artists generally despise this process ; and we 
are of opinion that none but good artists should attempt to practise it, on ac- 
count of its wretched spiritiess appearance, if not very ably performed. 

STOCKS. A frame erected on the shore of a river, or of the sea, and in 
the large establishments in the inside of docks, for the purpose of building 
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ships. It generally consists of a number of solid wooden blocks, ranged 
parallel to each other at convenient distances upon a very firm foundation, and 
with a gradual declivity towards the water. 

STRAND. One of the twists or divisions of which a rope is composed ; 
also the name applied to any sea-beach, or shore, that slopes gradually down to 
the water’s edge ‘ 

STRANDED, in tea affairs, a term, which, when applied to a rope, signifies 
that one, at least, of its strands is broken , but when applied to a ship, or 
vessel, it means that she has run on a rock or shoal, and been either rendered 
useless, or entirely dashed to pieces. The considerable loss every year of 
valuable lives, by shipwreck, on the British shores, had early attracted the 
notice of the Society of Arts, and premiums were offered for the discovery of 
effectual means of diminishing the frequency of these distressing calamities. In 
the year 1791, Mr. J. Bell, seijeant of artillery, proposed the projection of an 
eight-inch shell, loaded with lead, and having a light rope attached to it. The 
shell being discharged from a small mortar on the deck of a stranded ship, 
would perform a range of about 200 yards, carrj’ing the rope with it, and would 
bury itself in the sand on the shore, so as to form a communication with the 
land, by means of which boats, or rails, might be hauled through the surf, and 
thus greatly facilitate the probability of escape from the wreck. The objections 
to this plan consisted in the difficulty of prevailing on the owners of merchant 
ships to incur the expense, and on the masters to have the apparatus in con- 
stant readiness for use. Besides which, many cases would no doubt occur, in 
which, ffom the pitching of the vessel, and from the sea beating over her, it 
would be impossible to project the shot in the right direction, or even to dis- 
charge the mortar at aU. 

In 1808, Capt G. W. Manby, of Yarmouth, effected considerable improve- 
ments on the original proposal of Mr. BeU. These consisted in stationing the 
apparatus on the siiore, instead of having it on board the ship, as, indeed, bad 
previously been proposed by Mr. Bell ; thus enabling, in the first place, a single 
apparatus to be used in aid of every vessel that might be driven ashore, on a 
considerable line of coast Secondly, enabling the persons intrusted with the 
apparatus to become familiar with it, and therefore prompt in its application. 
Thirdly, increasing the probability of success by having the power of placing 
the mortar in the most favourable position, with regard to the vessel, and of 
arranging the rope, so as to render it much less liable to entangle, and thereby 
to break, than if it were thrown from the deck of the stranded vessel. The 
great personal activity and exertions of Capt Manby in this very interesting 
and meritorious undertaking, were liberally seconded by the government ; and 
the result, that on the eastern part of Norfolk alone, where Capt Manby has 
been stationed, no lest than 332 persons have been rescued from 48 stranded 
vessels between 1808 and 1826. Capt Manby’s original method of coiling or 
faking the rope on the shore, was an operation that required to be very dexter- 
ously performed ; was impracticable in some places from the inequalities of the 
ground ; was liable to derangement from the wind ; occupied much precious 
time after the arrival of the apparatus, and scarcely admitted of being performed 
at night. A great improvement was subsequently made by Capt. Manby, in 
having the ropes arranged in baskets, which allows of their being now con- 
veyed in a state ready for immediate use, to any place where they may be 
wanted. Under the management of Capt. Manby, and his immediate ai^t- 
ants, the breaking of a rope, in consequence of its getting foul wlule running 
out, is a very rare occurrence. Other persons less accustomed to the business, 
and, perhaps, leM dexterous, have, however, frequently failed ; and it seems 
to be generally aUowed by the associations on the coasts of Norfolk and Suffolk 
for relief in cases of shipwreck, that some more certain mode of faking or 
coiling the rope would be anr-important improvement ' ® 

In 1823, Mr. H^e, of Saxethorp, in Norfolk, being employed to cast a brass 
mortar for one of Capt. Manby s apparatus stationed neae Cromer constructed 
a skeleton reel, or rather conical spmdlc, as an improvement on Capt Manbv’s 
baskets. This reel was supported by an axis, which allowed of its being placed 
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at any required angle ; and the rope being wound round it, was expected to be 
delivered more freely, and with less risk of breaking, than by the usual mode. 
Experiments made at Cromer confiijned the anticipations of the inventor, and 
the apparatus has now been in use for three years, and, apparently, has given 
much satisfaction. , 

Finally, Mr. Thorold has given to Mr. Hase’s reel a stronger and more com- 
pact form, has both expedited and facilitated the coiling of the rope evenly upon 
it, and has placed the mortar and reel upon wheels, so that it may be trans- 
ported expeditiously to any place where it is wanted. It is obvious, however, 
that by so doing, the expense of the whole apparatus is greatly increased ; that it 
is now scarcely capable of being conveyed by hand, as Capt. Manby’s, and even 
Mr. Hase’s is ; and that, therefore, situations may occur, to which it would be 
difficult, if not impossible, to bring it. The following figure presents a side 
elevation of the cart fwith the near wheel ofi) and reel, and the mortar elevated 



into a position for firing. The axis of the conical reel is fixed in the centre of 
a strong wooden cross, which is framed and secured by four bolts to tlie bars 
bh ; these are hinged at c to tlie cart; is a bar of iron with holes, serving as 
an elevator ; it is screwed on to the frame b, and one of the holes being placed 
on a pin fixed in the cart’s side, retains the reel at the required angle. Two 
chains e e are fixed on at each side of the cart, and to the frame b b, which 
retains it; while the reel is vertical, the elevator d catches the pin by its last 
hole, At / there is a movable ring and winch handle (not represented) ; g a 
guide bar, turning on pivots in the frame b, on which is a sliding box h, to be 
used in coiling the rope. Within the winch ring is a hook ; a bend of the line 
being placed on this, the reel is turned once roimd, and the rope passed through 
the eye of the guide box h, properly constructed, and a pair of nippers (not 
shown), ^ \\ hen the mortar is to be fired, the guide bar g is thrown back into 
the position represented, and the winch. The pressure of the guide bar being 
thus taken o^ the elasticity of the cord causes it to rise a little, and throw off 
two or three of the upper coils ; the next coil is kej5t in its place by one of the 
assistants laying his finger on it, and not withdrawing it until the moment of 
firing. The mortar isSo be placed a few yards to leeward of the reel, with the 
line attached to the shot. .A clamp n hangs from the frame b, by means of 
which the last coil of the rope is to be bound to the rim of the cone, in order 
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lo secure it for travelling, the remainder of the line being on the frame o o. 
Another line, on a similar frame, is stowed in the tail of the cart ; and in front 
of the axletree there is a locker for the shot, the peculiar form of which is 
shown by the separate figure q- The time required for winding the line, and 
firing the shot, is one minute and a half. Numerous certificates on the advan- 
tages of Mr. TTiorold’s apparatus, accompanied Jhat gentleman’s communication 
to the Society of Arts, who voted him the silver Vulcan medal : — a model of 
which invention is placed in the Society’s Repository. 

SUBERIC ACID. An acid obtained from cork ; suler being the specific name 
of the cork-tree. 

SUBLIMATION. An operation, by which volatile substances are collected 
and obtained. It is nearly allied to distillation, excepting that in the latter, the 
fluid parts only of bodies are raised, whereas, in sublimation, the solid and the 
dry are obtained. Flowers of sulphiu: are obtained in this way ; and the soot 
in our chimneys is a familiar and perfect illustration of sublimation. 

SUCCINIC ACID. An acid extracted from amber, by distillation. 

SUCKER. A name given by plumbers to the bucket, piston, or rising valve 
of a pump : see Pump. 

SULPHATES. Definite compounds of sulphuric acid with the salifiable bases. 

SULPHITES. Definite compounds of sulphurous acid with their bases. 

SULPHUR. A simple inflammable body. Its ftising point is 220° Fahr. 
after which it begins to evaporate ; at 560o, it takes fire in the open air, and 
burns with a pale blue flame : kept melted in an open vessel at 300", it becomes 
of a red colour, thick, viscid, and plastic, like wax, and is used by seal en- 
gravers to take off impressions from their work. Its great utility in the arts 
is too well known to need specifying. 

SULPHURETS. Combinations of the alkalic earths, and metals, with 
sulphur. 

SULPHURIC ACID : see Acid, Sulphuric. 

SUMACH. A vegetable substance, extensively employed in tanning and 
dying. It consists of the young shoots of a shrub, that grows natur^ly in 
many parts of the Mediterranean ; the shoots, after being dried, are reduced to 
powder in a mill, which adapts it to the immediate use of the tanner and dyer : 
it abounds in tannin and the gallic acid, strikes a deep and rich black with the 
salts of iron, and is eminently valuable in the arts alluded to, (which see,) and 
many others. 

SWIVEL. A kind of ring or link of a chain, that is enabled to turn round, 
by jointing it to the next, by means of a pin or axis. The term of swivel is 
applied to a small cannon, provided with a similar kind of joint ; and to very 
numerous purposes, swivel-joints are adapted and modified in a variety of ways 
too unimportant to describe. 

SWORD. A long-bladed knife, fashioned in various ways, but all designed 
for mangling or destroying the human species. 

• SYRINGE. A simple hydraulic machine, employed to draw in and discharge 
fluids violently. It consists merely of a small tube, in which is fitted a piston 
or plunger, and having a smalt hole at the bottom of the tube, through which 
the liquid enters, when the plunger is drawn back, and charges the barrel. 
Then, by forcing the plunger forwards, the fluid is expelled with a violence pro- 
portion^ to the velocity given to the plunger. 


T. 


TABBY. The name oP a rich kind of silk, which has undergone the 
operation of taibying ; which consists in passing between metallic rollers, tue 
surfaces of which are variously engraven, producing thereby the device upon 
the stuff, by laying down the fibres in one part, and leaving them erect in the 
other, rendering them conspicuous by the difi'erence of light and shade 
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TABLES. In mathematics, they ave the results of calculations, systematically 
arranged, for the convenience of ^ady application. They also serve the useful 
piu^oses of testing the accuracy of a person’s own calculations. Numerous 
tables are given in various pajjts of this work, attached to the subjects to which 
they are related. 

TACAMAHAC. A resin, having the odour of musk, soluble in alcohol. 

TACKLE. A term sometimes applied to a pair of pulley-blocks and ropes, 
used for raising or removing weights. 

TACKS. Small nails. See Nails. 

TAFFETY. A very rich, glossy, silk stuff, plain, flowered, gold-striped, 
&c. &c. 

TALC. A soft unctuous mineral, occurring in beds, in mica-slate, and clay- 
slate. It is found in several parts of Scotland, but the best^ comes from the 
neighbourhood of the Tyrol. It is employed as an ingredient in rouge for the 
toilette, along with carmine and benzoin. This cosmetic communicates a 
remarkable degree of softness to the skin, and is not injurious. The flesh 
polish is given to gypsum figures, by rubbing them with talc. 

TALLOW. Animal fat melted down and clarified. See Fat. 

TAMBOUR. A species of embroidery, in which threads of gold and silver 
are, by needles of a peculiar form, worked in leaves and flowers, &c., upon a 
silk stuff, stretched over a circular frame, called a tambour. 

TANNIN. A peculiar vegetable principle, so named because it is the efi’ective 
agent in tanning, or the conversion of skin into leather. See Leath er. 

TAPESTRY. A species of woven hangings of wool and silk, adorned with 
scenic representations in imitation of painting, and employed formerly for 
lining the walls of elegant apartments, churches, &c. The French ascribe the 
inveution to the Saracens ; and hence the workmen employed in it were called 
Sarazins. Guicciardini ascribes it to the Dutch. A manufactory was esta- 
blished at Paris, by Henry IV. in 1606 or 1607, which was conducted by 
Flemish artists. It was brought to England by Wm. Sheldon, in the reign of 
Henry VIIL; and in 1619 a manufacture was established at Mortlake, in 
Surrey, by Sir Francis Crane, who received 20001. from King James to 
encourage the design. 'The manufactory of the Gobelins in France became the 
most celebrated for the beauty of the colouring, and the elegance of 
design ; the first-rate painters being employed to furnish subjects. 

T.-kPIOCA. A gummy kind of starch, prepared by the Brazilians from the 
root of the casava. plant. X spurious tapioca has been manufactured in this 
country, from the farina of the potato; the process of preparing the latter 
consisting simply in exposing the dry farina to the action of a moderate heat 
in an qpen pan, and continually stirring it up to prevent carbonization ; the 
water of crystallization of the starch, causing a species of fusion of the starch, 
which conglomerates into little masses, of a semi-transparent gummy appearance, 
but with an efflorescent surface, much like the foreign tapioca in appearance ; 
and although it possesses similar properties as an aliment, it does not form so 
strong, nor so agreeable a “jelly.” A patent was recently taken out for the 
process just described ; but unfortunately for the patentee, it was well known, 
and for nearly half a century before the date of his patent. The advantage of 
the process is, however, to us more than doubtful, whilst the foreign article can 
be obtained, subjected to only a moderate import tax. 

TAR. A thick black unctuous substance, obtained chiefly from old pines 
and fir trees, by burning them with a close smothering heat. It is prepared in 
great quantities in Norway, Sweden, Russia, Germany, North America, and in 
other countries where the pine and fir abound. 

The mode practised in the Scandinavian peninsula is similar to that described 
by Theophrastus and Dioscorides, as in use in ancient Greece. A conical cavity 
is made in the earth, with a cast-iron pan at the bottom, to which is connected a 
pipe to carry off the liquid. Billets of wood are thrown into the cavity, and being 
then covered with turf, are slowly burnt without flame. The tar which exudes 
during the combustion, is conducted by the before-mentioned pipe into barrels, 
which are afterwards banged up, and are then ready for exportation. 

vor ir 
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Becher, ifti, Lcitoraieu cliemist, first proposed lo maKe lar from pit-coal. 
Manufactures for this purpose have been established many years ago, in several 
parts of England. In the year 1781, the eari of Dundonald obtained a patent 
for extracting tar from pit-coal, by a new process of distillation ; a kind of tar 
is also produced from the pit-coal used in the production of gas for illumination. 
See Gas : also Pitch. 


TARPAULIN. A piece of strong canvass, or sail-cloth, well saturated 
with tar, and dried ; employed extensively for covering goods in ships, barges, 
waggons, carts, &c. ; also for protecting stacks and ricks of agricultural produce 
from the effects of the weather, &c. 

TARRAS, or TERRAS. A volcanic earth used as a cement. ' It differs 
but little from puzzolana, but contains more heterogeneous particles, as spar, 
quartz, shorl, &c. It effervesces with acids, is magnetic, and fusible per se. 
When pulverised,- it serves as a cement, Jike puzzolana. It is obtained from 
Germany and Sweden. 

TARTAR. A substance deposited on the sides of wine casks, during the 
time that the wine is in a state of fermentation. This substance being scraped 
off, and in its natural and unpnrified state, is called by chemists super-tartrate 
of potash, and popularly, crude tartar. Tartar is distinguished, from its colour, 
into red and white, according to the colour of the wine from which it originates. 
AH wines do not afford the same proportion of tartar ; according to Dr. Newmann, 
the wines of Hungary yield but little tartar, those of France somewhat more, 
while the Rhenish wines afford the purest tartar in l^ge quantities. The 
method adopted at Montpelier, according to Dr. Ure, for purifying this 
substance from an abundance of extractive principle, is as follows. “The 
tartar is dissolved in water, and suffered to crystallize by cooling ; the ciystals 
are then boiled in another vessel, with the addition of five or six pounds of the 
white argillaceous earth of Murviel to each quintal of the salt. After this 
boiling of the earth, a very white salt is obtained by evaporation, which is 
known by the name of cream of tartar, or the acidulous tartrate of potash,” or 
purified super-tartrate of potash. 

Emetic tartar is the tartrate of potash, and antimony. Regenerated tartar, 
the acetate of potash. Salt of tartar, the subcarbonate of potash. Soluble 
tartar, the neutral tartrate of potash. Vitriolaied tartar, sulphate of potash. 

TARTARIC ACID. An acid obtained from the above-mentioned salt tartar 


by Scheele. In a solution of the super-tartrate in boiling water, he saturated 
the superfluous acid by the addition of chalk, as long as effervescence ensued ; 
and expelled the acid from the precipitated tartrate of lime, by means of the 
sulphuric. Or four parts of tartar may be boiled in 20 or 24 parts of water, 
and one part of sulphuric acid added gradually. By continuing the boiling, the 
sulphate of potash will fall down. When the liquor is reduced one-half, it is to 
be filtered ; and if any more sulphate be deposited by continuing the boiling, 
-he filtering must be repeated. When no more is thrown down, the liquor is to 
le evaporated to the consistence of a syrup ; and thus crystals of tartaric acid, 
'qual to half the weight of the tartar employed, will be obtained. — Ure. 

TARTRATE. A neutral compound of the tartaric acid, with a base. 

TAWING. The art of preparing white leather. See Leather. 

TEA. The dried leaves of the tea-plant, which is a native of Japan, China, 
>.nd Tonquin. The history of commerce does not perhaps present a parallel to 
he circumstances w-hich have attended the introduction of tea into this 
ountry. ^e leaves were first imported into Europe by the Dutch East India 
company, in the early part of the seventeenth century ; but it was not until 
he year 1666 that a small quantity was brought over from Holland ; and yet, 
rona a period earlier than the memory of but few of the present generation can 
reach, tea has been regardedtas one of the principal necessaries of life among 
all clas^ of the community. To provide a suflicient supply of this aliment, 
naa^ thousands of tons of the finest mercantile navy in tl»e world are employed 
f ^ by whom all dealings with foreigners are merely 

revenuf i easily-coUected 
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The tea- plant is an evergreen, somewhat resembling the myrtle in appearance, 
bears a fragrant yellow flower, and grows to a height varying between three 
and six feet. It is capable ofi enduring great variations of climate, being 
cultivated alike in the neighbourhood of Canton, where the heat is at times 
almost insupportable to the natives, and around the walls of Pekin, where the 
winter is, not unfrequently, as severe as in the north of Europe. The best 
sorts, however, are the production of a more temperate climate ; the finest teas 
are said to be grown in the province of Nanking, occupying nearly the middle 
station between the two extremes mentioned above ; and the greatest portion of 
what is brought to the Canton market, and sold to the European merchants, is 
the produce of the hilly, but populous and industrious, province of Fokien, 
situated on the sea-coast, to the north-east of Canton. It appears to thrive 
best in valleys, or on the sloping banks of hills, exposed to the southern sun, 
and especially on the banks of rivers or rivulets. 

The tea-plant is propagated from seed, and the holes are drilled in the ground 
at equal distances, and in regular rows ; into each hole the planter throws as 
many as six, or ^en a dozen seeds, — not above a fifth part of the seed planted 
being expected to grow. While coming to maturity, they are carefully watered; 
and though, when once out of the ground, they would continue to vegetate 
without further care, the more industrious cultivators annually manure the 
ground, and clear the crop from weeds. 

The leaves of the tea-plant are not fit for gathering until the third year ; at 
which period they are in their prime, and most plentiful. When about seven 
years old, the shmb has generily grown to about the height of a man, and its 
leaves become few and coarse ; it is then generally cut down to the stem, which, 
in the succeeding summer, produces an exuberant crop of fresh shoots and 
leaves; this operation, however, is sometimes deferred till the plant is ten 
years old. 

The process of gathering the tea is one of great nicety and importance. 
Each leaf is plucked separately from the stalk ; the hands of the gatherer are 
keptcarefullyclean, and, in collecting some of the fine sorts, he hardly ventures 
to breathe on the plant. Notwithstanding the tediousness of such an operation, 
a labourer can frequently collect from four to ten, or even fifteen pounds a day. 
Three or four of these gatherings take place during the seasonj viz. towards 
the end of February, or the beginning of March ; in April or May ; towards 
the middle of J une ; and in August. From the first gathering, which consists 
of the very young and tender leaves only, the most valuable teas are manufac- 
tured ; vizi the green tea called gunpowder, and the black tea called Pekoe. 
The produce of this first gathering is abo denominated in China, Imperial tea, 
probably because, where the shrub is not cultivated with a.view to supplying the 
demands of the Canton market, it is reserved, either in obedience to the law, 
or on account of its superior flavour, for the consumption of the emperor and his 
court. From the second and third crops are manufactured the green teas, 
called in our shops Hyson and Imperial; and the black teas denominated 
Souchong and Congou. The light and inferior leaves separated from the 
Hyson by winnowing, form a tea called Hyson-skin, much in demand by the 
Americans, who are also the largest general purchasers of green teas. On the 
other hand, some of the choicest and tenderest leaves of the second gathering 
are frequently mixed with those of the first. From the fourth crop is manu- 
factured the coarsest species of black tea called Bobea; and this crop is mixed 
with an inferior tea, grown in a district called Woping, near Canton; together 
with such^tea as remained unsold in the market, of the last season. 

Owing to the minute division of land in China, there can be few, if any, 
large tea-powers ; the plantations are small, and the business of them carried 
on by the owner and his own family, who carry the produce of each picking 
iminediately to market, where it is disposed of to a class of persons whose 
business it is to collect and dry the leaves, ready for the Canton tea-merchants. 

The process of drying, which should commence as soon as possible after the 
leaves have been gathered, ditfers according to the quality of the tea. Some 



764 


TEAZLK 


drying-house will contain from five to ten or twenty small furnaces, on the top 
of each of which is a flat-bottomed and sliallow iron pan ; there is also a long 
low table, covered with mats, on which the leaves are spread and rolled, after they 
have gone through the first stage of the prfccess, which we may call baking. 
When the pans are heated to the proper temperature, a few pounds of fresh- 
gathered leaves are placed upon them ; tlie fresh 'and juicy leaves crack as they 
touch the pan, and it is the business of the operator to stir and shift them 
about as rapidly as possible, with his bare hands, until they become too hot to 
he touched without pain. At this moment, he takes off the leaves with a kind 
of shovel, like a fan, and'pours them on the mats before the rollers, who, taking 
them up by small quantities at a time, roll them in the palms of their hands, 
in one" direction only ; while assistants with fans are employed to fan the leaves, 
in order that they may be the quicker cooled, and retain their curl the longer. 
To secure the complete evaporation of all moisture from the leaves, as well as 
the stability of their curl, the operation of drying and rolling is repeated two or 
three times, or even oftener, if necessary, — the pans being, on each successive 
occasion, less and less heated and the whole process performed with increasing 
slowness and caution. The leaves are then separated into tkeir several classes, 
and stored away for domestic use, or for sale. It was, at one time, supposed 
that the green teas were dried on copper pans, and that they owed their fine 
green colour to that circumstance, which was also said to render a free use of 
them noxious to the human frame ; but this idea is now held to be without 
any foundation, the most accurate experiments having failed in detecting the 
slightest particle of copper in the infusion. 

After the tea has been thus gathered by the cultivaior, and cured and assorted 
by those who, for want of a better name, we may call tea-coUectors, it is finally 
sold to the “ tea-merchants ” of Canton, who complete the manufacture by 
mixing and garbling the difierent qualities, in which women and children are 
chiefly employed ; the tea then receives a last drying, is divided according to 
quality, packed in chests, and made up into parcels of from one hundred to six 
hundred chests each, which are stamped with the name of the district, grower, 
and manufacturer, and called from a Chinese word, meaning seal or slump, Chofs. 

In perusing the foregoing process of drying the tea, our mechanical readers 
will probably think with us, that it might be much better (or more uniformly) 
performed by a machine, heated by steam at a regulated temperature, and that 
full nine-tenths of the labour would thereby be saved. But as such a proposi- 
tion to the manufacturers of the “ Celestial Empire ” would probably be regarded 
with indignation, and be rewarded, if it were possible, with the bastinado, we 
shall reserve our suggestions for a fitter object. Those of our readers who may 
wish for more important information respecting the progress of this important 
trade, than our mnits enable us to give, will find it in M'Culloch’s Dictupiary 
of Commerce ; to which valuable work we are indebted for some of the mate- 
rials of this article. We have only to observe, that in the century between 
1710 and 1810, the teas imported into this country amounted to upwards of 
750 millions of pounds, of which more than fe30 millions were sold for home 
consumption; between 1810 and 1828, the total importation exceeded 427 
millions of pounds, ' being on an average, between 23 and 24 millions a year; 
and in 1 831, the quantity imported was 26,043,223 pounds. 

TEAK. A very valu^le timber, which abounds in various parts of the East 
Indies, and is applied to domestic and nautical purposes. Ships bqilt with teak 
are far more durable in the Indian se^ than those made of English oak. 

TEAZLE. A plant, the heads of which me employed in the dressing of woollen 
cloth, and for which operation no substitute equally effective has hitherto 
been discovered. The teazle has been considered as affording almost a solitary 
instance of a natural production being applied to mechanical purposes in the state 
in which it is produced. It appears, that many attempts have Wu made to supply 
a substitute for the teazles, by art, all of which have been abandoned as dSec- 
tive or injurious. The use of the tewle is to draw out the ends of the wool from 
the manufactured cloth, so as to bring a regular pile or nap upon the surface 
free from twistings and knottings, and to comb off" the coarse and loose parts 
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of the wool. The head of the true teazle is compoaed.of incorporated flowers, 
each separated by a long ridgy chaffy substance, the terminating point of which 
is fiimished with a fine hook. Many of these heads are fixed in a frame ; and 
with these the surface of the cloth is teazed or brushed, until all the ends are drawn 
out, the loose parts combed o^ and the cloth yields no impediment to the free 
passage of the wheel or frame of teazles. Should the hook of the chaff, when 
m use, become fixed in a knot, or find sufficient resistance, it breaks, without 
injuring orcontendingwith the cloth; and care is taken, by successive applications, 
to draw the impediment out ; but alt mechanical inventions hitherto made use 
of, offer resistance to the knot ; and, instead of ydelding and breaking, as the 
teazle does, resist and tear it out, making a hole, or injuring the surface. The 
dressing of a piece of cloth consumes from 1500 to 2000 heads, when the 
work is completely finished : they are used repeatedly in diflferent stages of the 
process. 

TELEGRAPH. The name given U a machine, by which intelligence may 
be transmitted, with extraordinary rapidity, to great distances. There is reason 
to believe, that the principle of the modem invention of communicating inform- 
ation by means of signals, is of great antiquity. The modems have, however, 
the merit of applying the principle, so as to render it a scientific, and almost 
perfect machine. Polybius described a very complete arrangement of signals 
by means of torches. The Marquess of Worcester, in his Century of Inven- 
tiom, boasts of being able to do wonders in this way, as he was wont to do in 
others. Dr. Hook, whose genius as a mechanical inventor was perhaps never 
surpassed, delivered a “ Discourse to the Royal Society, on the 21st of May, 1684, 
showing a way how to communicate one's mind at distances" of 30, 40, 1 00, and 
120 miles. Sec. “in as short a time almost as a man can write what he would 
have sent.” In this discourse, which was published in Derham’s Collections 
of his Experiments and Observations, the Doctor takes to his aid the then 
recent invention of the telescope, and explains all the details of the method by 
which characters exposed at one station, may be rendered plain and distinguish- 
able at the others. 

About sixteen years afterwards, Amoptons proposed the construction of tele- 
graphs in France ; which much resembled Dr. Hook’s. The method was as 
follows : — 

Let there be people placed in several stations, at a certain distance from one 
another, that, by the help of a telescope, a man in one station may see a signal 
made in the next before him : he must immediately make the same signal, that 
it may be seen by persons in the station next after him, who are to communi- 
cate if to those in the following station, &c. These signals may be as letters 
of the alphabet, or as a cypher, understood only by the two persons who are in 
the distant places, and not by those who make the signals. The person in the 
second station making the signal to the person in the third, the very moment 
he sees it in the first, the news may be carried to the greatest distance in as 
little time as is necessary to make the signals in the first station. The distance 
of the several stations, which must be as few as possible, is measured by the 
reach of a telescope. Amontons tried this method in a small tract of land, 
before several persons of the highest rank, at the court of France. It was not, 
however, till the French revolution, that the telegraph was applied generally to 
useful purposes. Whether M. Chappe, who is said to have invented the tele- 
graph first used by the French, about the end of 1793, knew any thing of 
Amonton’s invention or not, it is impossible to say ; but his telegraph was con- 
structed on principles nearly similar. The manner of using his telegraph was 
as follows : — At the first station, which was on the roof of the palace of the 
Louvre, at Paris, M. Chappe, the inventor, received in writing, from the Com- 
mittee of Public Welfare, the words to be sent to I^sle, near which tlie French 
army at that time was. An upright post was erected on the Louvre, at the top 
of which were two tr^isverse arms, movable in all directions by a single piece 
of mechanism, and with inconceivable rapidity. He invented a number of 
positions fo? these arms, which stood as signs for the letters of the alphabet • 
and these, for the greater celerity and simplicity, he reduced as much as possible. 
The grammarian will easily conceive that sixteen signs may aniplv supply all 
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the letters of the alphabet, since some letters may be omitted, not only without 
detriment, but with advantage. These signs, as they were arbitrary, could be 
changed every week ; so that the sign of F, for one day, might be the sign of 
M, the next ; and it was only necessary that the persons at the extremities 
should know the key. The intermediate operators were only instructed gene- 
rally in these sixteen signals ; which were so distinct, so marked, so different, 
the one from the other, that they were easily remembered. The construction 
of the machine was such, that each signal was uniformly given in precisely the 
same manner at all times ; it did not depend on the operator’s manual skill ; 
and the position of the arm could never, for any one signal, be a d^ree higher, 
or a degree lower, — its movement being regulated mechanically. M. Chappe, 
having received at the Louvre the sentence to be conveyed, gave a known 
signal to the second station, which was Mont Martre, to prepare. At each 
station there was a watch-tower, where telescopes were fixed, and the person 
on watch gave the signal of preparatidh which he had received ; and this com- 
municated successively through all the line, which brought them all into a state 
of readiness. The person at Mont Martre then received, letter by letter, the 
sentence from the Louvre, which he repeated with his own machine ; and this 
was again repeated from the next height, with inconceivable rapidity, to the 
final station at Lisle. The first description of the telegraph was brought from 
Paris to Frankfort-on-the-Maine, by a former member of the Parliament of 
Bourdeaux, who had seen that which was erected on the mountain of Belville. 
As given by Dr. Hutton, it is as follows : — 



a a is a beam or mast of wood, placed upright on a using ground, which is 
about fifteen or sixteen feet,.high. 6 i is a beam or balance, niovsng upon tiie 
centre a a. ^ Tiiis balance-beam may be placed vertically, or horizontally, or 
anyhow inclined, by means of strong cords, which are fixed to the wheel d, 
on the edge of which is a double groove, to receive the two cords. This balance 
is about eleven or twelve feet long, and nine inches broad, having at the ends 
two pieces of wood c c, which likewise turn upon angles, by means of four 
other cords that pass through the axis of the main balance— otherwise, the 
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balance would derange the cords ; the pieces C are each about three feet long, 
and may be placed either to the right or left, straight or square, with the 
balance-beam. By means of these three, the combination of movement is very 
extensive, remarkably simple, and 8asy to perform. Below is a small wooden 
hut, in which a person is employed to observe the movements of the machine. 
On the eminence nearest to thiJ, another person is to repeat these movements, 
and a third to write them down. The time taken up for each movement is 
twenty seconds, of which, the motion alone is four seconds ; the other sixteen 
the machine is stationary'. Two working models of this instrument were exe- 
cuted at Frankfort, and sent by Mr. W. Playfair, to the Duke of York ; and 
hence, the plan and tdphabet of the machine came to England. 

Various experiments were in consequence tried upon telegraphs in this 
country ; and one was soon after set up by government, in a chain of stations 
from the Admiralty-office to the sea coast. 

This telegraph consisted of six octagpnal boards, each of which was poised 
upon a horizontal axis in a frame that surrounded it, in such a manner that 
each octagonal board might be placed either with its flat side towards the spec- 
tator, or edgeways, when the board became invisible owing to the distance. An 
officer’s cabin was placed underneath, provided with a telescope pointed to the 
next station. By a simple mode of working, these six boards made 36 changes, 
tvhich are adequate for all occasions. Experience has shown that this plan of 
telegraph, which was deemed at the time of its introduction to be an improve- 
ment upon the design of M. Chappe, previously described, was, in reality, in- 
ferior to it in simplicity and clearness; consequently the latter has been since 
adopted by the British government, under such improved modifications as 
great practical conversancy in the subject must necessarily produce. 

There is probably no subject which has exercised more of the ingenuity of 
scientific men than that of telegraphic communication ; and we are convinced 
that a description of the various schemes forthat object, would alonefill avolume 
like the present. We shall therefore confine our notice to a very few of them ; 
and, in preference, to such as ate upon a totally different principle firom each 
other. 

Telegraphic communication, (the ingenious Mr. Vallance observes,) has 
hitherto been a mean of intercourse that was serviceable only during those 
portions of the enlightened half of the twenty-four hours, when clear weather 
admitted of uninterrupted vision for a distance of about ten miles. It has been 
frequently proposed to remedy this disadvantage, (so far as related to the absence 
of light, that is,) by nocturnsd telegraphs ; for the lamps of which, gas seemed 
ko admirably adapted. But as this would do nothing towards lessening the in- 
terruption which wet and foggy weather occasion, it has not been thought worth 
while to incur the expense of it ; and as it has also been supposed impossible 
hat these interruptions could be obviated, we have sat down under the impres- 
sion, that communications, rapid as are those of the telegraph under favourable 
'ircumsfances, must remain dependent, to a degree that would ever prevent the 
principle from being rendered available to the purposes of commercial and do- 
nestic communication. But this impression is erroneous, — there being a well 
. nown principle, by the aid of which information may be communicated equally 
.veil during darkness and the most foggy weather, as in daylight and clear wea 
her. The putting of this principle into execution, will of course be incompar- 
ibly more expensive than laying down a line of telegraphs ; but as the revenue 
t may be made to bring in will, (to use M. Dupin’s observation relative to our 
domestic policy,) render this expenditure but an additional instance of that “ eco- 
nomy, well understood, which knows how to make sacrifices bordering almost on 
prodigality, in order to reap afterwards, with usury, the fruits of its advances,” 
.he amount ^f it in no wise diminishes the attention the principle deserves. 

“ It has long been known,” adds Mr. VallanBe, “ that an incompressible 
iquid, confined in a pipe, might be caused to move through the whole length 
pf that pipe, by opeffiting on it at either end, whether the pipe was one mile or 
one hundred miles long. (It was proved by Bossuet, for a distartpe of three 
miles, about half a century ago.) But although this has long been known, 
and although it offers a mean of symbolic intercourse which would alike be inde- 
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pendent both of darkness and cloudjr days, yet it has been nnthonght of as a 
principle of instantaneous transmission.” The mode proposed by Mr Vallance, 
of carrying the principle into practice, mayjbe thus briefly explained. 

A pipe of sm^l calibre is to be laid from one to the other of the places, be- 
tween which, (as hitherto termed,) telegraphic cgmmunication is to be effected. 
This pipe, (effectually secured against leakages,) is to be kept constantly filled 
with water, by apparatus which both empties it of air and guards against (or rather 
counteracts) contraction and expansion. Each end of tliis pipe is connected to 
apparatus, which will cause any movement of the water inside it, to act on and 
move a hand. This hand may point out and indicate letters, or numbers, or 
words, painted on a dial plate ; though it will be better to cause it to indicate 
them when placed in a line. In connexion with telegraphic apparatus, is al- 
ways understood a vocabulary, connecting the symbols with certain meanings. 
The principle of this method will admit of either letters, numbers, words, or sen- 
tences, being used. Having thus explained the principle of Mr. Vallance’s plan, 
we must refer the reader for the details of it to a pamphlet by the author, 
published by Wightman, London, 1825, entitled. Description of a Method of 
Telegraphic Communication. A variety of suggestions for the employment of 
the electric fluid acting upon wires extended from the places in communication, 
have been made from time to time. In one of these the intelligence is commu- 
nicated by means of sound, produced by the collision of bodies in opposite states 
of electricity ; these bodies consist of a series of small balls, suspended at the 
extremities of metallic conductors by slender chains, and a series of numbered 
beUs hung within their space of action. The author of this plan, who is an 
anonymous contributor to a scientific journal, illustrates his proposed scheme 
by the following example : — 

“ Let a metallic wire, coated with a non-conducting substance, be extended 
under ground between any two given places, which, for the sake of experiment, 
may be two separate apartments in the same house ; one of which may be de- 
nominated A, and the other B. In the apartment A place an electrical machine, 
and to the extremity of the wire in B alittle ball, suspended by means of a very 
slender chain, within whose sphere of aption there is a common bell. Now, 
by connecting the wire in A with the conductor of the machine, the electric 
fluid will pass instantaneously along it, and charge the ball in B, through the 
medium of its little chain, which flies off immediately to the uninsulated bell, 
to discharge its surplus of electric matter, and recover its equilibrium. The 
force by which it is attracted or impelled towards the bell is quite sufficient to 
produce the sound required ; it is an experiment which I have often made, and 
with invariable success. Let this bell be numbered 1, and have a series of them 
up to 10, with separate and distinct metallic conductors, it is evident to a de- 
monstration that, by a combination and the successive excitement of these sim- 
ple numbers, the whole of those at present made use of in our most improved 
telegraph and signal books, together with their corresponding meanings, may 
be conveyed from the apartment A to B with the greatest accuracy, and with 
the fmeed of thought. 

“ Thus, by this simple and inexpensive means, (by two electrical machines, 
and a double series of wires with their appendages,) say between Portsmouth 
or Plymouth and London, news of the greatest political importance may be con- 
veyed in a few minutes, by a gentleman connected with the apparatus at eithf r 
of these places ; he has only to excite the wires which correspond to each in- 
dividual number of the telegraph made to him by the common flag si<mals, 
which will, in almost the same instant of time, affect their corresponding in 
London, and give the necessary intelligence in a series of numbers, cvhose sym- 
bols will be found by referring to the signal books now in use. ^ 

Domestic telegraphs (which are now very common) are designed,, to prevent 
the trouble of calling for cerfen articles in a dwelling-house, and to dispense 
with one-half of the journeys of the servants in answering bells. They are made 
in a variety of ways, but usually consist of two circular indfxea or dials, equatly 
divided into- a given number of parts, and marked on these divisions, with the 
names of such things or necessaries as are generally wanted in a house such as 
dinner, tea, supper, coals, lights, carriage, horse, &c. These indexes exactly 



TELESCOPE. 


769 


correspond, and are provided with hands, the - axes of which pass through 
pulleys of equal diameter; a wire or chain extends from the pulley of one of 
them, fixed in the sitting room, to another fixed in the kitchen, or servants’ hall. 
The pulley of the latter contains* a spring, and that of the former a ratchet 
wheel and catch, so that if the hand of the sitting room index be turned, it 
also turns that of the servants’ room an equal portion of a revolution, and 
thereby points to the same word. The pull is lifted off the ratchet after it is 
used, by touching a pin, when the spring in the other pulley draws the chain or 
wire round it, and so returns both the hands to their original place at o. The 
attention of the servant is called by the ringing of a bell. 

TELESCOPE. An optical instrument, employed for discovering and view- 
ing distant objects ; or which magnifies their natural appearance, by represent- 
ing them under a larger angle than that under which they appear to the naked 
eye. Telescopes are divided into two general kinds, r^racting and reflecting. 
A refracting telescope consists of diffesent lenses, through which the objects are 
seen by rays, refracted by them to the eye. A reflecting telescope, besides lenses, 
has a metallic speculum within its tube, by which the rays proceeding from an 
object are r fleeted to the eye. 

The principal effect of telescopes depends upon this rule, that objects appear 
large or small, in proportion to the angle which they subtend to the eye ; and 
the effect is the same, whether the pencils of rays, by which the objects are 
rendered visible to us, come directly from the objects themselves, or from any 
point nearer to the eye, where they may have been united, so as to form an 
image of the object ; because they issue again in certain directions from those 
points, where there is nothing to intercept them, in the same manner as they 
did froth the corresponding points, in the objects themselves. In fact, there- 
fore, all that is effected by a telescope, is, first, to make an image of a distant 
object, by means of a lens or mirror, and then to give the eye some assistance 
for viewing that image as near as possible ; so that the angle which it shall 
subtend to the eye, may be very large, compared with the angle which the 
object itself would subtend in the same situation to the naked eye. 'This is 
effected by means of an eye-glass, which so refracts the pencils of rays, that 
they may afterwards be brought to' their several foci, by the humours of 
the eye. 

The forms of refracting and reflecting telescopes have been frequently varied, 
and they are sometimes distinguished by the names of their inventors, as the 
Galilean, and the Newtonian telescope; sometimes by the particular use for 
which they are best adapted, as the “ land telescope,” the “ night telescope,” 
the “ astronomical telescope,” &c. 

The astronomical telescope consists of two convex lenses, A B, K M, each 
fixed at the extremity of a different tube. One of the tubes is very short, as its 
use is merely to adjust the focus in proportion to the distance of the object 
viewed, and it slides within the other. Contrary to the arrangement which 
takes place in the microscope, the glass which has the longest focus, is presented 
to the object, and therefore constitutes the otyect-glass. P R, respresents a very 
distant object, from every point of which rays come, so very little diverging' to 
the object-lens K M of the telescope, as to be nearly parallel : y; r, is the picture 
of the object P R, which would be formed upon a screen situated at that place. 
Beyond that place, the rays of every single radiant point proceed divergently to 
the eye-glass A B, of greater convex!^, and which causes the rays of each pencil 



to become parallel, in which direction they enter the eye at O. The axes of the 
two iegses are coifleident in the direction Q L O ; L j, is the focal distance of 
the object-glass, and E y, is the focal distance of the eye glass ; consequently, 
VOt. II. 5 E ’ 
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the distance between the two glasses is equal to the sum of their focal distances. 
An object viewed through this telescope, by an eye situated at O, will appear 
magnified and distinct, but inverted. The object seen without the telescope, 
will be, to its appearance, through the telesco^je, as 5 E to 5 L ; that is, as the 
focal distance of the eye-glass, to the focal distance of the object-glass. For the 
pencils of rays, which, after their crossing at r'qp, proceed divergently, fall 
upon the lens A B, in the same manner as if a real object were situated at 
r q p ; and consequently, after passing through that lens, the rays of each 
pencil proceed parallel. To the eye at O, the apparent magnitude of the object 
P R, is measured by the angle BOA, or by its equal p E ; but, to the naked 
eye at L, when the glass is removed, the apparent magnitude of the object is 
measured by the angle P L R, or by its equal r h p ; therefore, the apparent 
magnitude to the naked eye, is to the apparent magnitude through the telescope, 
as the angle r h p, is to the angle p E r ,• or, as the distance q E, is to the 
distance q L. 

If the angles r L p, and p E r, were equal to each other, the telescope would 
not magnify', and they would be equal, if the lenses were of equal focal distance. 
Hence, as the magnifying power of the telescope is produced by making tne 
focal distance of the eye-glass less than that of the object-glass, it will easily be 
perceived, that the greater the difference of the focal lengths, the greater w'ill be 
the magnifying power. It is found, however, that they may be so dispropor- 
tionate, that the increased magnifying power is overbalanced by the indistinct- 
ness which ensues. In order, therefore, to obtain a great magnifying power 
with the preservation of just proportion, these telescopes have sometimes been 
made one hundred feet, or upwards, in length ; and, as they were mostly used 
for astronomical purposes, they were frequently used without a tube. The object 
lens was fixed on the top of a pole, in a frame capable of being moved by a 
cord or wire, in any required direction, and the eye-glass, fixed in a short tube, 
was held in the hand, or fitted to another frame, about the height of the observer, 
so as to be capable of a simultaneous movement. A telescope of this descrip- 
tion was called an aerial telescope. Its use was evidently very incommodious ; 
but, such were the great pains taken by philosophers, in exploring the wonders 
which even the imperfect telescopes, at first constructed, promised to lay open, 
that with such an instrument, the five satellites of Saturn, and many other 
remarkable objects, were discovered. 

The length of common refracting telescopes must be increased in the propor- 
tion of the square of the increase of their magnifying power ; so that, in order 
to magnify twice as much as before, with the same degree of light and distinct- 
ness, the telescope must be lengthened four times ; and to magnify three times 
as much, nine times. On this account, their unwieldy length, when CTeat 
powers are desired, is unavoidable. The breadth of an object-pass adds nothing 
to the magnifying power ; for, whatever the latter may be, the image wiU be 
equally formed at the distance of its focal length ; but the hrUUaney of the image 
will be increased by the breadth, as a greater number of rays will then diverge 
from every point of the image. 

The magnifying power, and the field of view, of this telescope may be in- 
creased by using two plano-convex lenses, combined so as to act like one glass ; 



and such a combination is now generally employed. If two plano-conves lenses 
be used, the curvature of both conjointly, will be less than the curvature of a 
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single lens of equal magnifying power ; the combination therefore improves 
the eye-glass of a telescope, because the aberration of the rays passing through 
it, will be less than through a single lens of the same focus. Suppose I K to 
be a plano-convex lens, of which the focus is at F, so that an object placed at F 
would be seen magnified through it. If another lens L M, be placed between 
the first lens and its focus, rtie focus of the rays passing through both will be 
shortened, and will fall at about the distance f, so that, when thus combined, 
they will act like a single lens of much greater curvature. The telescope 
called a night-glass, is simply a common astronomical telescope with tubes, and 
made of a short length, with a small magnifying power. It generally magni- 
fies from 6 to 10 times. It is used by navigators at night, for the purpose of 
discovering objects that are not very distinct, such as vessels, coasts, rocks, &c. 
From the smallness of its magnifying power it admits of large glasses being 
used, and consequently has a well-enlightened field of view. 

The astronomical telescope, by tlje use of two additional eye-glasses, shows 
objects in their right position, and becomes a terrestrial or land telescope ; and 
is sometimes called a perspective glass. This telescope is shown by the follow- 
ing cut The rays of each pencil coming from the image L M, of the object 



I K, emerge parallel from the lens A B, and having crossed at its focus O, they 
continue in that direction to the lens E F ; in consequence of which they form 
an image ST, at the focus of the second lens; and again diverging, they fall 
upon the third lens C D, in the same manner as they did upon the the lens A B ; 
therefore after their emergence from this last lens, they fall parallel upon the 
eye at G. But as the last image S T, is not inverted as at L M, but in tne same 
osition as the object I K, the eye sees a true or upright pieture, as if the rays 
ad come directly from the object. The last lens, or the one nearest the eye, 
is now generally made of two plano-convex lenses, instead of a double convex 
one. By this means, all the best terrestrial telescopes contain four lenses in the 
tube next the eye. 

The telescope of the celebrated Galileo consists of a convex object-glass, and 
a concave eye-glass, as represented by the following cut. The distance be- 
tween the two lenses is less than the focal distance of the object-glass ; but the 
concave glass is situated so as to make the rays of each pencil fall parallel upon 
the eye, as is evident by conceiving the rays to go back again through the 
eye-glass towards O : E O being the focal length of the eye-glass. The field 
of view of the Galilean telescope does not depend, as in those with convex 
glasses, upon the size of the eye-glass, but upon the breadth of the pupil of the 
eye ; because the lateral pencils of rays diverge from the axis of the eye-glass 
at their emergence from it. On this account, the eye should be placed as near 
to the eye-glass as possible, in order that it may receive the greatest number of 

3 

pencils. J7o nearness of the eye, however, will wholly prevent the field of view 
from being more confined than with convex eye.%las3es of equal curvature ; but 
this disadvantage is counterbalanced by the valuable property of superior dis- 
tinctness. • 

The telescopes which we have hitherto described will only bear a small aper- 
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ture, without exhibiting circular prismatic rings of colours, which are detrimental 
to iheir utility. Two causes contribute to this efiect. 1 . Spherical surfaces do 
not refract the rays of light accurately to a point ; and 2. The rays of compounded 
light being differently refrangible, come to tjieir respective force at different 
distances from the lens ; the more refrangible rays converging sooner, of course, 
than the less refrangible. If the image of a paper,painted entirely red, be cast, 
by means of a lens, upon a screen, it will be formed at a greater distance than 
the image of a blue paper cast by the same lens. The image of a white object 
is composed of an indefinite number of coloured images, the violet being the 
nearest, and the red the farthest from the lens; and the images of intermediate 
colours at intermediate distances. The whole image is therefore in some degree 
confused, though its extremities are most so ; and this confusion being increased, 
not only by the magnifying power of the eye-glass, but also by the dispersive 
power which it has in common with the object-glass, the necessity for a certain 
proportion between the powers of the object and the eye-glass becomes indis- 
pensable • 

The late Mr. John Dolland, by making a compound lens of three different 
substances, of different refrangible powers, the rays of light which were too much 
dispersed by one convex lens, were brought nearer to a union with each. 
The telescopes made with an object-glass of this kind are now commonly used, 
and are distinguished by the name of aelaromaiic telescopes, a term which signifies 
colout less. The object-glasses of Dolland’s telescopes are composed of three dis- 
tinct lenses, two of which are convex, and the other concave. The achromatic 
effect may be produced by the union of one convex and one concave lens, but 
not so perfectly as with three lenses. 

The impossibility, however, of obtaining perfectly homogeneous glass, and the 
consequent failure of producing that complete correction of the aberration of the 
rays of light in the telescopes called achromatic, induced Dr. Blair to try the 
effects of fiiid mediums ; and his success was such as to induce him to give 
the term aplana/ic, or free from error, to the object lenses he thus constructed. 
He made a compound lens, consisting of a plano-convex of crown glass, with 
its flat side towards the object, and a ininiscus of the same material, with its 
convex side in the same direction, and itsffatter concave next the ej e; and the 
interval between the lenses he filled with a solution of antimony in a certain 
proportion of muriatic acid. The lens thus constructed did not exhibit the 
slightest vestige of any extraneous colour; but the invention, after a lapse of 
more than twenty years, has not come into general use, probably from the diffi- 
culty of preserving any fluid from growing turbid in the course of time. 

Of reflecting telescopes, the Gregorian is the one most generally used. The 
construction of this instrument is represented below. 


F 



At the bottom of the tube A B C D, is placed the large concave reflector kl, 
with a circular hole through the middle of it, in the direction of its axis. 
Within the tube of the telescope, and directly facing the perforation, is placed 
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tlie small concave speculum g h, supported by tbe arm i. Two lenses, 1 1 and q q, 
are contained in the eye-tube L M N O, and the observer applies his eye to a 
small hole at/, iu order to view the magnified image of the distant object Y Z. 
The large reflector k I receives tli* rays from the distant object, and reflects 
them to its focus, where they form an inverted image E F. Diverging from the 
points of union, the pencils of«rays proceed onwards, and cross each other a 
little before they reach the small mirror gh; the focus of w'hich is at », or a 
little further from the large speculum, than its principal focus. From the small 
mirror, the rays are reflected somewhat convergently, and in that state are 
received before they meet a plain convex lens 1 1. By the action of this lens, 
their convergency is increased, and they form a second image, a b, which is 
erect like the object. This second image is magnified by the lens q q, through 
which the rays of each pencil pass nearly in a parallel direction to the eye. To 
exclude all extraneous light, the eye is applied to a small hole, and sees the 
image under the angle c/d. If the lens 1 1 were removed, the image would be 
formed somewhat larger at r, but the Srea, or field of view, would be smaller 
and less pleasant, for which reason it is not usual to omit the second lens. In 
this, and other reflecting telescopes, containing two curved reflectors, it is 
necessary to have the power of altering the distance between the two mirrors. 
This is usually done by a wire, e s, passing along the outside of the tube and 
with a screw at the end of it, which works in an external projection w, of the 
arm i, within the tube. The other end of the wire passes through a small stud 
affixed to the tube of the telescope at m; and the observer, while looking 
through the hole at/, turns the milled head p, of the wire, which is near him, 
and thus regulates the distance of the small speculum, as he finds requisite. 

A section of the hiewtonian Reflecting Telescope is shown below. 



A B C D, is the tube, which is open at the end A B, opposite the large 
speculum n o. The large concave speculum n o, is not perforated as in the 
Gregorian telescope, but the small speculum q, is set aslant, so as to direct the 
rays received from the large speculum, through an aperture g, at the side of the 
tube, where they are received and refracted to the eye by a lens or lenses in a 
tube A. The speculum q, is suspended within the tube, by an arm p, with its 
centre opposite the centre of the speculum n o; it is not curved, but plane, and 
has therefore no other effect than that of changing the direction of the rays. 
Without the small reflector, the rays from the large speculum would be 
converged af R, and the observer might have an eye-glass placed to view the 
image formed there, with his face towards the speculum no; but in this case his 
head would intercept the greater part of the rays, unless the instrument were 
very large. The Newtonian telescope, as first described, is very convenient for 
viewing objects in the zenith ; as they may be seen while the observer retains 
his ordinarjr position of looking forward horizontally. 

The best and most powerful reflecting telescopes, however, which have ever 
been constructed, »:e those of Dr. Herschel, who is so well known by his 
labours* as one of the most eminent astronomers of the present day. The 
largest reflecting telescope made by Dr Herschel, is forty feet in length, and 
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the polished surface of the large speculum is four feet in diameter. It has no 
second reflector ; a circumstance that adds much to the brightness of the objects 
viewed in it. The observer, who looks through an e}’e-glass, as in other 
telescopes, has, of course, his back to the object ; but it is so contrived that 
little or no light is intercepted by this means. We may use the foregoing 
diagram of the Newtonian telescope, on page 773, to illustrate the position of the 
observer, by this telescope, more particularly. Supposing the speculum q, and 
its support to be removed, the rays n o, as before observed, would be converged 
at R ; but if the observer were placed there, he would intercept a large portion 
of the light, even when facing this gigantic telescope. Supposing the upper 
part «, of the speculum, to be inclined downwards, that is, to be set at an 
angle to the axis of the tube, the rays may be directed to S, or any other point 
nearer the tube, where the spectator may be placed, and will occasion no sensible 
dimness of the image thrown by the large mirror. In Dr. Herschel’s large 
telescope, the converging rays reflected by the mirror pass the extremity of the 
tube, at the distance of four inches frSm it, and come into the air ; bj' this 
means the observer scarcely at all interferes with the incident light, as the 
diameter of the tube exceeds that of the mirror, by about ten inches. The 
mirror has a magnifying power of six thousand times the diameter of an object. 

TELLURIUM. A metal discovered by Klaproth in 1798, in an ore of gold 
from Transylvania. It has a silver-w'hite colour, and possesses much brilliancy. 
Its texture is laminated like antimony, and has a specific gravity of 6.115. It 
is very brittle, may be easily reduced to powder, and melts at a temperature a little 
higher than lead does. If the heat be increased a little above the fusing point, 
it boils and evaporates, and attaches itself in brilliant drops on the upper part 
of the retort in which the experiment is made ; it is, therefore, next to mercury, 
and arsenic, the most volatile of the metals. It combines with oxygen only in 
one proportion, forming tlierewith a compound possessing acid properties, 

TEMPERiVTURE, Implies that degree of sensible heat, which a body 
possesses when compared with other bodies. To accurately measure and 
determine such degrees of heat, so as to be readily comprehended, thermometers 
have been constructed ; in which some universally understood degree of heat, 
as that of boiling water, is made the -basis of the calculation for all other 
temperatures. 

TEMPERING. The art of altering the existing degree of elasticity in 
metals. See Iron. 

TEN.-VCITY. A term derived from the Latin, implying the property oi 
holding fast, firmness, &c. ; some authors restrict its application to that force by 
which metals resist their being pulled, or torn asunder ; as the action of a weight 
suspended to the end of a wire ; and make a distinction between it, and the 
term cohesion, which of course implies that force by which the parts of bodies 
cohere. The real distinction, if any, is however so refined, that we may 
without much impropriety treat them here as the same force. 

The tenacity or cohesion of solids is measured by the force required to pull 
them asunder ; and authors on the subject in general agree, that it may be 
calculated from the transverse strength of the bar or rod, as near, or perhaps 
nearer to the real cohesion, than can be obtained by pulling the body asunder ; 
but w-e find that this assertion, however correct it may apppear from abstract 
reasoning, is at variance with the most prominent facts derived from actual 
experiment, and given by the same authors. By the experiments of Emerson, 
it is stated that a wire of iron, one-tenth of an inch in diameter, requires a force 
of 4501bs. to pull it asunder ; and according to Rumford, that an inch cylinder 
or rod of iron, required a pull of 63,3201bs. to break it. Now the area, or 
transverse section of the inch rod is 785 ; in other words, it contains 78 wires 
of one-tenth of an inch in diameter ; therefore the aggregate strength 
of the 78 wires, ought ac 9 ording to the doctrine laid down, to be equal 
to 6,3,.J201b3. ; hut 78 X 450, make only 35.100 ; and thus it appears that 
calculation by the transverse strength, taking the wire for, pur datum, gives us 
teal tenacity of the inch rod; and if we Vere to 
take the inch rod for our datum of calculation, we find (78 ^ 63.320 = 811®) ; 
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that each wire should sustain a force of 81 libs. Indeed, ratliA more than this, for 
we are further told, (and we do notdispute its general accuracy,) that “ the cohesive 
force of metals is much increased by wire-drawing, rolling, and hammering.” 
Such illustrations of the correctness^of a theory, we have thought it necessary to 
notice, as it might prove of very serious consequence, were an engineer (for 
instance) to construct a wire Jrridge, founded upon calculations of the given 
transverse strength of a rod of iron. His only security, it appears to us, would 
be to prove, himself, the actual tenacity of the identical material he employs, 
and not place much dependance upon the experiments of others ; for, however 
judiciously the latter may have been conducted, or faithfully detailed, there is 
such a wide difference in the results of experiments made upon the same 
nominal material, that it is only hy a great number of experiments that any 
useful approximation to the truth can be obtained. Mr. John Rennie, who has 
most laudably and ably exerted himself in this field of inquiry, found many 
such discordant results as those w'e have detected. In a paper furnished to the 
Royal Society, that engineer states, thrit it had been deduced from the experi- 
ments made by Reynolds, that the power required to crush a cubic quarter of 
an inch of cast iron was 448,000lb3. avoirdupois, or 200 tons ; whereas, by the 
average of thirteen experiments made by Mr, Rennie, in cubes of the same 
size, the amount never exceeded 10,3921bs.=not 5 tons ! 

The desire of obtaining some approximation, which could only be accom- 
plished by repeated trials on the substances themselves, induced Mr. Rennie to 
undertake the following experiments. 

The apparatus used for this purpose was a powerful lever of the second class ; 
it consisted of a flat bar of the best English iron, about ten feet long, one of the 
extremities being formed into a rule-joint, by which it was attached to a stout 
and short standard of wrought iron, that was bolted to, a massive bed-plate of 
cast iron ; the hole in the centre of the joint, and the pin which formed the 
fulcrum, were accurately turned, so as to move slowly and freely. The lever 
was accurately divided on its lower edge, which was made straight in a line 
with the fulcrum. A point or division was selected, at five inches from the 
fulcrum, at which place was let in a piece of hardened steel. The lever w’as 
balanced by a weight, and in this state it was ready for operation. But, in 
order to keep it as level as possible, a hole was drilled through a projection on 
the bed-plate, large enough to admit a stout bolt easily through it, wliich again 
was prevented from turning in the hole by means of a tongue fitting into a 
corresponding groove in the hole, so that, in order to preserve the level, it W'as 
only necessary to move the nut, to elevate or depress the bolt, according to the 
size of the specimen. But as an inequality of pressure would still arise, from 
the nature of the apparatus, the body to be examined was placed between two 
pieces of steel, the pressure being communicated through the medium of two 
pieces pf thick leather, above and below the steel pieces, by which means a 
more equal contact of surfaces was obtained. The scale was hung on a loop of 
iron, touching the lever in an edge only. At first a rope was used for the 
balance weight, which indicated a friction of four pounds, but a chain 
diminished the friction one half. Every movable centre was well oiled. 

In Mr. Rennie’s experiments on the cohesive strength of cast iron, to resist 
compression, there were four kinds of iron used; viz. 1. Iron taken from the 
centre of a large block, whose crystals were similar in appearance and mag- 
nitude to those evinced in the fracture of what is usually termed gun-metal. 

2. Iron taken from a small casting, close-grained, and of a dull grey colour. 

3. Iron cast horizontally, in bars of three-eighths of aninch square, eight inches 
long. 4. Iron cast vertically, same size as last. These castings were reduced 
equally on e^ery side, to one quarter of an inch square ; thus, removing the 
hard external coat, usitally surrounding metal castings. They were all subjected 
to a gauge ; the bars were then presumed to be tolerably uniform. The weights 
used were of the best kind that could be procured, and, as the experiment 
advanced, smaller weights were used. 

As we»have not space for detailing the particulars of each experiment, we 
here add only the average results of them. 
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The experiments' on cast iron, in cubes of one-eighth of an inch, — specific gravity 
7.033, gave 1439 lbs. avoirdupois, as the average force required to crush them. 

On specimens of the same iron, one-eighth of an inch square, and one-fourth 
of an inch long, the average force required ,}va3 2116 lbs. 

On specimens of the same thickness, but varying in length from one-half of 
an inch to one inch, the average result was 17.53 lbs. 

On cubes of a quarter of an inch of the same metal, gave 9773 lbs. as the 
average result. 

On one-fourth of an inch cubes, made from horizontal castings of specific 
gravity, 7.113 gave 10, 114 lbs. as the average. 

On one-fourth of an inch cubes, vertical castings, specific gravity 7.074, the 
average was 11,1 36 lbs. 

A prism, having a logarithmic curve for its limits, resembling a column, (it 
was one-fourth of an inch diameter, by one inch long,) broke with 6954 lbs. 

The trials on prisms, of different lengths, one-fourth and one-half horizontal, 
gave 9414 lbs. « 

The same, vertical, gave 9982 lbs. 

Horizontal castings, varying from three-eighths to six-eights of an inch X i, 
gave an average of 8738 lbs. 

Vertical ditto, gave 8536 lbs. 


Experiments on different Metals. 

lbs. 

J X i cast copper, crumbled witb .... .... 7318 

„ fine yellow brass reduced with 3213.1 lbs. with. . 10304 

„ wrought copper . . . ^ . . 3427i 6440 

„ cast tin us • • 552^ 966 

„ cast lead ^ 48.3' 


The experiments on the different metals gave no satisfactory results. The 
difficulty consists in assigning a value to the different degrees of diminution. 
When compressed beyond a certain thickness, the resistance becomes enormous. 

Experiments on the Suspension of Bars, 

The lever was used as in the former case, but the metals were held by nippers. 
They were made of wrought iron, and their ends adapted to receive the bars, 
which, by being tapered at both extremities, and increasing in diameter from 
the actual section, and the jaws of the nippers being confined by a hoop, con- 
fined both. I'he bars, which were six inches long, and one quarter square, 


were thus fairly and firmly grasped 

lbs. 

i inch cast-iron, horizontal 1166 

J ditto ditto, vertical 1218 

i ditto cast-steel, previously tilted . . ... 8391 

I ditto blister steel, reduced per hammer .... 8322 

i ditto shear steel . . ditto 7977 

I ditto Swedish iron . . ditto 4504 

I ditto English iron . . ditto 3492 

* ditto hard gun-metal, mean of two trials .... 2273 

i ditto wrought copper, reduced per hammer . . . 2112 

j ditto cast copper 1192 

J ditto fine yellow brass 2 223 

I ditto cast tin 

I ditto cast lead 214 


1 O 

Experiments on the Twist of J inch Bars, 

To effect the operation of twisting off a bar, another ap|)aratus was prepared. 
It consisted of a wrought-iron lever, two feet long, having an arched hSd about 
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one-sixth of a circle, of four feet diameter, of which the lever rejiresenteLl the 
radius ; the centre, round which it moved, had a square hole made to receive 
the end of the bar to be twisted. The lever was balanced as before, and a scale 
hung on the arched head ; the othes end of the bar being fixed in a square hole 
in a piece of iron, and that again in a vice. By this apparatus, quarter of an 
inch bars, from horizontal castiags, were twisted with weights in the scale, ave- 
raging 9 lbs. 15 oz. The vertical castings took 10 lbs. 10 oz. as an average. 


On different Metals. 


Cast steel 

Shear steel 

Blister steal 

English iron, wrought . . 

Swedish iron, wrought . . 

Hard gun-metal . . . . 

Fine yellow brass . . . . 

Copper, cast 

Tin 

Lead 


lbs. oz. 

17 9 in the scale. 

17 1 
16 11 
10 2 
9 8 
5 0 

4 11 
4 5 
1 7 

1 0 


On T wisls of different Lengths. — Horizontal. 


1 by J long 

i by j ditto 

I by 1 inch ditto 


lbs. oz. 

7 3 weight in scale. 

8 1 
8 8 


Vertical. 


i by i ditto 10 1 

i by f ditto 8 9 

i by 1 inch ditto 8 5 


Horizontal twists of quarter of an inch bars, at six inches from the bearing, 
took an average of 9 lbs. 12oz. in the scale. 


Twists of j inch square Bars, cast horixontallg. 

qrs. lbs. oz. 

I close to the bearing 3 9 12 end of the bar hard. 

^ ditto 2 18 0 middle of the bar. 

^'at 10 inches from bearing, lever in 

the middle 1 24 0 




On Twists of different Materials. 

These experiments were made close to the bearing, and the weights were 
accumulated in the scale, until the substances were wrenched asunder. 



lbs. 

OZ. 

Cast steel 

.... 19 

9 weight ill scale. 

Shear steel. . ... 

.... 17 

1 

Blister steel 

.... 16 

11 

EiTglish iron. No. 1. . . 

.... 10 

O 

Swedish iron 

.... 9 

8 

H«id gun-metal . . , . 


0 

Fine yellow brass . 

. . .*. 4 

11 

Copper . j 

.... 4 

5 

• Tin 

.... 1 

7 

Lead 

.... 1 

0 


5 F 


voi,. It. 
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Miscellaneous Experiments on the Crush of 1 cubic inch. 

lbs. avoir. 

Elm 1284 

American pine 1606 

White deal 1928 

English oak, mean of two trials 3860 

Ditto, of live inches long, slipped with 2572 

Ditto, of four inches long, slipped with 5147 

A prism of Portland stone, two inches long 805 

Ditto, statuary marble 3216 

Craig Leith 8688 

In the following experiments on stones, the pressure was communicated 
through a kind of pyramid, the base of which rested on the hide leather, and 
that oil the stone. The lever pressed upon the apex of the pyramid. The 
cubes were of one and a half inch. 

Spec. grav. lbs. av. 

Chalk 1127 

Brick, of a pale red colour 2.085 1265 

Roe-stone, Gloucestershire 1449 

Red brick, mean of two trials 2.168 1817 

Yellow-faced baked Hammersmith paviours three 

times 2254 

Burnt ditto, mean of two trials 3243 

Stourbridge, or fire brick 3864 

Derby grit, a red friable sandstone 2.316 7076 

Ditto, from another quarry 2.428 9776 

Killaly white freestone, not stratified 2.423 10264 

Portland ... - 2.428 10284 

Craig Leith, white freestone 2.452 12346 

Yorkshire paving, with the strata ' 2.085 12856 

Ditto, against the strata 2.507 12856 

White statuary marble, not veined 2.760 13632 

Branley Fall sandstone, near Leeds, with strata . . 2.506 13632 

Ditto, against the strata 2.506 13632 

Cornish granite 2.662 14302 

Dundee sandstone or brescia, two kinds .... 2.530 14918 

A two-inch cube of Portland 2.423 I49I8 

Craig Lieth, with the strata 2.452 15560 

Devonshire red marble, variegated 16712 

Compact limestone 2.584 17354 

Peterhead granite, hard, close-grained 1 8636 

Black compact limestone, Limerick ...... 2.598 19924 

Purheck 2.599 20610 

Black Brabant marble 2.697 20742 

Very hard freestone 2.528 21254 

White Italian veined marble 2.726 21783 

Aberdeen granite, blue kind 2.625 24556 

N.B. — The specific gravities were taken with a delicate balance, made by 
Creighton, of Glasgow, all, with the exception of two specimens, which were by 
accident omitted. 

Remarks . — In observing ^e results presented by the preceding -table, it will 
be seen that little dependence can be placed on the specific gravities of stones, 
so far as regards their cohesive powers, although the increase is certainly in 
favour of their specific gravities. But there would appear to be some lihdefined 
law in the connexion of bodies, with which the specific gravity has little to do. 
Ibus, statuary marble has a specific gravity above Aberdeen granite, yet a 
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cohesive power not much above half the latter. Again, hardness is not altogether 
a characteristic of strength, inasmuch as the limestones, which yield readily to 
the scratch, have nevertheless a cohesive power approaching to granite itself. 


Experiments made on the transverse strain of Cast Ears, the ends loose. 


Weight of 

Distance of 


the bars 

bearings 


lbs. 

oz. 

ft. 

in. 

lbs. av. 

Bar of 1 inch square 12 

6 

3 

0 

897 

Ditto of 1 inch ditto 9 

8 

2 

8 

1086 

Half the above bar 


1 

4 

2320 

Bar of 1 inch square through the dia- 

gonal 2 

8 

2 

8 

851 

Half the above bar 


1 

4 

1587 

Bar of 2 inches deep, by \ inch thick 9 

5 

2 

8 

2185 

Half the above bar 


1 

4 

4508 

Bars 3 inches deep, by J inch thick . 9 

15 

2 

8 

3588 

Half the above bar 


1 

4 

6854 

Bar 4 inches, by } inch thick ... 9 

7 

2 

8 

3979 

Equilateral triangles, with the angles up 
and down, viz., with the edge or 

angle up 9 

11 

2 

8 

1437 

With the angle down 9 

7 

2 

8 

840 

Half the first bar 


1 

4 

3059 

Half the second bar 


1 

4 

1656 

A feather-edged bar was cast, whose 
dimensions were 2 inches deep 

by 2 wide, edge up 10 

0 

2 

8 

3105 


N.B. — All these bars contained the same area, thongb differently distributed 
as to their forms. 

Experiments made on the Bar of •I inches deep by\ inch thick, by giving it 
different forms, the bearings at 2 feet 8 inches, as before. 


lbs. 

Bar formed into a semi-ellipse, weighed 7 lbs 4000 

Ditto parabolic on its lower edge 3860 

Ditto of 4 inches deep by J inch thick 3979 


Experiments on the transverse strain of Bars, one end made fast, the weight 
'being suspended at the other, at 2 feet 8 inches from the bear ing. 


lbs. 

An inch-square bar bore 280 

A bar 2 inches deep by | an inch thick 539 

An inch bar, the ends made fast 1173 


The paradoxical experiment of Emerson was tried, which states, that by 
cutting off a portion of an equilateral triangle, (see page 114 of Emerson’s 
Mechanics,) the bar is stronger than before ; that is, a part stronger than the 
whole. The ends were loose at two feet eight inches apart, as before. The 
edge from which the part was intercepted was lowermost; the weight was ap- 
plied on thej)ase above; it broke with 1129 poimds, whereas in the other case 
it bore only 840 pounds. 

A wire of one-tenth inch diameter of Lead brea^ with . 
t Do. j do. Tin do. 

Do# do. Copper do. 

Do. do. Brass do. 


lbs. 

29J Emerson. 
4&I „ 

299J „ 
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A- V. ire of one-tenth inch diameter of Silver breaks with 
Ho. do. Iron , do. 

Hound bar, 1 inch do. ,, do. 


lbs. 

370 Emerson. 
450 

. 63320 Rnmford. 


The relative cohesive strength of the metals are, according to Sickengen, as 
follow : — 


Gold .' 150,955 

Silver 190,771 

Platina 262,361 

Copper 304,696 

Soft Iron 362,927 

Hard Iron 559,880 

But their hardness, according to Cavddo, follows this order, viz.. Iron, Pla- 
tinum, Copper, Silver, Gold, Tin, Lead. 

Banks observes that iron is about four times as strong as oak, and six times 
as strong as deal. Wood is from seven to twenty times weaker transversely 
than longitudinally. It becomes stronger both ways when dry. 

TENON. The end of a bar of metal or piece of wood reduced in its 
dimensions, so as to fit a hole in another piece, called a mortise, and thus 
joining the two together. 

TENSION. Is the state of a thing stretched; this term is much used by 
engineers to expres.s the tenacity of metals aiid other substances, when pulled in 
the direction of their length ; thus a wire of one-tenth of an inch in diameter, 
is said to be capable of resisting a tension of 450 pounds. 

TENTER, trier, or prover, sl machine or frame, used in the cloth manufac- 
tory, to stretch out the pieces of cloth, and make them set even and square. It 
is usually about 4/ feet high, and for length e.xceeds that of the longest piece of 
cloth. It consists of several long square pieces of wood, placed like those 
which form the barriers of a menage; so, however, as that the lower cross 
pieces of wood may be raised or lowered, as is found requisite, to be fixed at any 
height, by means of pins. Along the, cross pieces, both the upper and the 
low'er one, are numerous sharp hooked nails, called tenter-hooks, on which the 
selvages of the cloth are hooked. 

TESSELLATED PAVEMENTS. Pavements of different coloured stones, 
tiles, or brick, laid chequer-wise, or like dice (tesselce.) The term tessellated is, 
however, extended to all kinds of mosaic patterns or designs. 

TEST. Any solid or fluid body, which, added to a substance, teaches us to 
distinguish its chemical nature or composition. 

THEATRE. An edifice or great room for the public exhibition of .scenic 
representations, the performance of the drama, of concerts, the delivery of scien- 
tific lectures and demonstrations, &c. Considering that the description of a 
theatre for the latter purpose will not be out of place in this work, and be ac- 
ceptable to our readers, we shall here annex an account of the lecture theatre 
of the London Mechanics’ Institution; which may serve the purpose of a model 
whereon similar undertakings may be constructed and arranged, making such 
alterations and modifications as will better adapt them to other circumstances. 

The front of this institution is a large dwelling-house, situated in Southamp- 
ton Buildings, at the corner of Staple’s Inn, in Holborn; the lower rooms of 
which are employed for the librarj', reading-rooms, apparatus rooms, laboratory, 
&c., and the upper as the private apartments of the Secretary. The theatre is 
an entirely new stnicture, built at the back of, and in connexion with the 
house. The first stone of the theatre was laid on the 2d December 1824 by 
Dr. Birkbeck, the munificept patron and enligl)tened president .of the insti- 
tution, and it w'as opened for use on the 8th of July, 1825. 

The annexed Fig. 1 exhibits a plan of the ground floor of the whole buildin<^, 
on a scale of 1 inch to 20 feet. e, ° 

The doors in front of the house in Southampton Row are renresented at D 
O, office. H, hall and principal staircase. R R, reading-room for the accomo- 
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science and literature, which may either be consulted in the reading-room, or 
taken home by the members. A R, ante-room to theatre. E, principal entrance 
from the house into theatre, e e, side-entrances into theatre. T, the theatre, 
bounded by a wall 7V tv w, of a horse-shoe form. G G G are the seats appro- 
priated to the members in general. C are those allotted exclusively to members 
of the committee ; and V, those for the accommodation of honorary members, 
'^^sitors. N is the entrance into the theatre from Northumberland Court; 
and M is that leading from Middle Row, Hoibom. S S, two circular spiral 
staircases, which proceed from the basement to the gallery. / ^ is the lecturers’ 
table, behind which, at P, is a large frame for the exhibition of plans, diagrams, 
charts, drawings, &c. ; and when these are made into transparencies, they are 
illuminated by a series of gas jets arranged behind the frame. F is a furnace, em- 
ployed m the chemical lectures. This furnace, when not in use, is closed by 
two folding-doors, which are elegantly painted to correspond with the folding- 
doors of the entrance E. The six bla^k spots arranged in a semi-circle, show 
the site of the iron pillars that support the principal gallery, which is also of the 
horse-shoe form, as shown by the curved dotted line of that figure, (also ex- 
hibited in 2.) 6 ^ V 

The foregoing plan, although only descriptive of the ground-floor of the build- 
uig, will enable us to explain the appropriation of the rooms and offices of the 
basement underneath it. 


^^^*6 ^^^1 H, is a kitchen and store-room ; underneath the reading- 

room RR, are the porter’s rooms; and underneath the library L, is the labora- 
tory of the same area, containing furnaces, and other requisites for chemical 
inv^tigations. In this room a class of the members meet weekly for mutual in- 
structmn in chemistry, minerology, &c. Adjoining to the laboratory is a small 
workshop, furnished with an excellent turning-lathe, work-bench, and various 
tools for the construction and repair of apparatus. 

Under the theatre is an extensive class-room, lighted by gass, where practi- 
cal geometiy, perspective, architectural, mechanical, and ornamental drawing, 
are regularly taught. 

The annexed figure (2.) exhibits a plan of the^r^^-^oor of the housei together 
^th a plan of the gallery of the theatre, H S is the ascending staircase from the 
II j ^ first-floor ; H G, the gallery leading therefrom to the several apartments, 
all the doors or entrances to which are marked with ad. C R is the committee- 
room, furnished \vith a large table, and other requisites, to accommodate the 
meetings of the committee of managers, who conduct the affairs of the institu- 
ticn. Ihis room is 19 feet by 21 feet, and one of the side-walls is covered with 
a glass case, fiimished with a splendid collection of minerals, A R is the appa- 
ratus-room, or museum, furnished with glass cases around it, containing au 
extensive assortment of mechanical, pneumatical, hydrostatical, optical, and elec- 
tncal apparatus ; besides a great variety of very large diagrams, for the illus- 
tration of those subjects ; and an assortment of mineral and geological specimens. 
1 his room is open for the accommodation of the members every Tuesday 
evening, from eight till ten o'clock, to afford them opportunities of inspect- 
ing the apparatus, conversing together, and explaining to each other the results 
01 their ex|^rience and observations. This mutual interchange of information 
IS calculated to he productive of important advantages to the members, A class 
tor mutual instruction in experimental philosophy, also holds a weekly meeting 
m this room. M R is another room, similarly appropriated to the last men- 
tioned contains various models, and large pieces of apparatus, inconvenient 
for exhibition m tlie museum, (A R,) and an extensive collection of transpa- 
rent illustrations of vanous sciences. B S, the staircase, leading, to the upper 
floors of the house. The room over the committee-room is a class-room, in 
which wntmg, drawing, the English and Latin languages, &c., and occasionaUy 
taught in the different evenings of the week ; and the room 
tauoht * ^ where mathematics and arithmetic are 

ment, thf , ‘he upper part of the housd are the priw-te apart- 

“ of G G G, sLw the Lats 

galierv of the theatre, rmng up an inclined plane : the front, or lowest 
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row, being upon a level with the first-floor of the house, aid the highest, or 
back row, being about 17 feet above the lowest. N S is the top of the circular 
stone staircase leading from the entrance in Northumberland Court ; and M S, 
that appertaining to the entrance frjim Middle Row, Holborn. P is the pit, or 



rather gjetfBd-floor, 8f the theatre, the plan of which is given in Fig. 1. L L 
are two jointed branches for gas-lights, each containing three burners, which 
fcan be moved in various positions, to suit the objects to be illuminated. The 
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dotted lines ooo,Uhow the plan of a lofty rectangular gallery, even with the top 
of the semi-circular gallery G, from which there are two entrances at the extre- 
mities, and another in the middle. 

THEODOLITE. A mathematical instrument used by land-surveyors, for 
taking angles, distances, altitudes, &c. This instrument is variously made, and 
provided with subordinate apparatus, according to the price, or the requirements 
of the purchaser. We shall describe one of the most generally useful. This 
consists of two concentric horizontal circles, the inner of which has, at the ends 
of one of its diameters, two perpendicular columns, on which rests the horizontal 
axis of a small meridian telescope. The vernier of the inner circle is made 
fast to an arbitrary division line of the outer one, and both circles are moved, 
together with the telescope, until the object sought for appears in its field. The 
outer circle is now fixed, and the inner one is turned round, until the telescope 
strikes the second object, whose angular distance from the first is to be mea- 
sured. The inner circle is now fastened to the outer, and by means of a mi- 
crometer screw, the thread of the telejcope is brought exactly upon the object. 
The arc which the vernier of the inner circle has described on the outer one 
measures the angle which the two objects make at the common centre of the 
two circles. 

THEOREM. A proposition which terminates in theory, and which con- 
siders the properties of things already made or done. Or, theorem is a specu- 
lative proposition, deduced from several definitions compared together. 

THEORY. A doctrine which terminates in speculations, without any view 
to the practice or application of it. 

THERMOMETER. An instrument for measuring the temperature of bodies ; 
founded upon the principle of augmentation in volume of fluids, in proportion 
to their absorption of cdoric ; and as regards aeriform fluids, the principle is 
probably very correct : but solids, and still more liquids, expand unequally, by 
equal increments of heat. Thermometers were invented about the beginning 
of the seventeenth century ; but a knowledge of their author is involved in some 
obscurity. For the first half century, after their introduction, they were made in 
a very rude and imperfect manner ; but they were at length considerably im- 
proved by the Florentine academicians, and received subsequent ameliorations 
from Mr. Boyle, Dr. Halley, and Sir fsaac Newton, as well as from contempo- 
raneous philosophers on the continent. The changes which the instrument 
underwent in their hands, (described in the Oxford Encyclopedia,) we shall not 
here insert, as all that had at that time been proposed, were liable to many 
conveniences, and could not be considered as exact standards for pointing out 
the various degrees of temperature. 

The thermometers which at present are in most general use, are Fahrenheit’s, 
De risle’s, Reaumur’s, and (Celsius’s. Fahrenheit’s are used in Britain, De 
risle’s in Russia, Reaumur’s, and the thermometer centrigade, in France, and 
Celsius’s, the same as the last named, in Sweden. They are all rilercurial 
thermometers. 


Fahrenheit’s thermometer consists of a slender cylindrical tube, and a small 
longitudinal bulb. To the side of the tube a, is annexed a scale b, which 
Fahrenheit divided into 600 parts, beginning with that of the severe cold 
which he had observed iniceland in 1709, or that produced by surrounding the 
. bulb c of the thermometer with a mixture of snow or beaten ice, and sal 
ammoniac, or sea salt. This he apprehended to be the greatest degree' of cold ; 
and accordingly he marked it, as the beginning of his scale, with 0 ; the point 
at which mercury begins to boil, he conceived to show the greatest' de<Tee of 
heat, and this he made the limit of his scale. The distance between these two 
points, he divided into 600 equal parts or degrees; and by trials, he found that 
the mercury stood at thirty-two of these divisions, when water iust begins to 
freeze, or snow or ice just begins to thaw; it was, therefore, called the degree 
of the freezmg point. WLen the tube was immersed in boiliho- water, the 
mercury rose to 212, which, therefore, is the boiling point, and" is iust ISO 
degrees above the former, or freezing point But the present method of 
making the scale of these thermometers, which is the sort in most common use, 
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is first to immerge the bulb of the thermometer in ice or snow just beginning to 
thaw, and mark the place where themercurystands, with number32; then immerge 
it in boiling water, arW again mark the place where the mercury 
j=i stands in the tube; which mark, with the number 212, exceeding 
j— 1 the former by fSO, dhuding therefore the intermediate space 

into 180 equal parts, will give the scale of the thermometer, and 
' I which may afterwards be continued upwards or downwards at 
pleasure. Other thermometers of a similar construction have 
■ been accommodated to common use, having but a portion of the 
I above scale. They have been made of a small size and portable 

a form, and adapted with appendages to particular piu'poses ; and 

the tube, with its annexed scale, has often been inclosed in another 
! thicker glass tube, also hermetically sealed, to preserve the thermo- 
I h meter from injury. , 

I In 1733, M. De Tlsle, of Petersburgh, constructed a mercurial 

1 thermometer, on the principles of Reaumur’s spirit thermometer. 
f In his thermometer, the whole bulk of quicksilver, when immerged 
t in boiling water, is conceived to be divided into 100,000 parts ; and, 

I from this one fixed point, the various degrees of heat, either above 

I or below it, are marked in these parts on the tube or scale, by the 

I various expansion or contraction of the quicksilver, in all 

i ' imaginable varieties of heat. 

The thermometer at present used in France is called Reaumur’s, 
but it is very different from the one originally invented by 
g Reaumur in 1730, in which spirits of wine was used to indicate 
the degrees of expansion. The thermometer now in use in France is 
“ filled with mercury ; and the boiling-water, which is at 80, 

corresponds with the 212th degree of Fahrenheit The scale, indeed, 
commences at the freezing point, as the old one did. The new thermo- 
meter ought more properly to be called I)e Luc’s thermometer, for itwasfirst made 
by De Luc. When De Luc had finished the scale, and completed an account of 
it, he showed the manuscript to M. De la Condamine. Condamine advised him 
to change the number 80 ; remarking, that such was the inattention of physi- 
cians, that they would probably confound it with Reaumur’s. De Luc’s 
modesty, as well as a predilection for the number 80, founded, as he thought, 
on philosophical reasons, made him decline following this advice ; but he found 
by experience, that the prediction of Condamine was too well founded. 'I’he 
thermometer of Celsius, which is used in Sweden, has a scale of 100 degrees 
from the freezing to the boiling-water point. 

The thermometer centigrade, now used in France, has the scale divided in the 
samd way. Many other thermometers have been used besides these, and 
consequently observations taken by them ; but it is unnecessary to describe any 
of these more minutely, as they are no longer used. Those who wish to read a 
more particular account of them may consult Dr. Martine’s Essays. It must 
be admitted that disadvantages attend the adoption of the scales of each of the 
thermometers we have described, but hitherto the sanction of long usage in the 
countries where they have been introduced, has prevented their being super- 
seded by any other. 

A self-registering thermometer has been invented by Mr. Keith, of Ravel- 
stone, whicll is considered as most ingenious and simple, a b, in the annexed 
figure, is a thin glass tube, a’oout fourteen inches long, and three-fourths of 
an inch cajibre, close or hermetically sealed at top. To the lower end, which 
is open, there is joined the crooked glass tube b e, seven inches long, and four- 
tenths of an inch calibre, and open at top. ’The tube a 6 is filled with the 
strongest spirit of wine, and the tube b e with emercury. 'I'his is properly a 
spirit-of-wine thermometer, and the mercury is used merely to support a piece 
of ivorj^ or glass, t* which is affixed a wire for raising one index, or depressing 
another, according as the mercury rises or falls. E is a small conical piece of 
ivory or glass, of such a weight as to float on the surface of the mercury'. To 
the float is joined a wire, called the float-wire, which reaches upwards to II, 
VOL. II. 5 G 
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Correspondence of the Thermometers o^Fabresheit and Reaumur, and that of 
Celsius, or the Centigrade Thermometer ^ the modern French Chemists, 
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where it terminates in a knee ben, at right angles. Tlie float-wire, by means of 
an eye at A, moves easily along the small harpsichord wire g h. 1 1 are two 
indexes made of thin black oiled silk, which slide upwards or down- 
wards with a force of not more than two grains. The one placed 
above the knee points out the greatest rise, and the one placed 
below it points dht the greatest fall, of the thermometer. When 
the instrument is to be prepared for an observ-ation, both indexes 
are to be brought close to the knee h. It is evident, that when 
the mercury rises, the float and float-wire, which can be moved 
with the smallest force, will be pushed upwards till the'mercury 
becomes stationary. As the knee of the float-wire moves upwards, 
it will carry along with it the upper index 1. When the mercury 
again subsides, it leaves the index at the highest point at which 
it was raised, for it will not descend by its own weight : as the 
mercury falls, the float-jirire does the same; it therefore brings 
along with it the lower index 1, and continues to depress it till it 
again becomes stationary, or ascends in the tube ; in which case it 
leaves the lower index behind it, as it had formerly left the upper. 
The scale to which the indexes point is placed parallel to the 
slender harpsichord wire. That the scale and indexes may not 
be injured by the wind and rain, a cylindrical glass cover, close at 
top, and made so as exactly to fit the part gf, is placed over it 
As a knowledge of the correspondence between the thermo- 
meters of Fahrenheit, Reaumur, and Celsius, are indispensable to 
the comprehension of the scientific labours of the French 
and German philosophers and authors, whether in the original 
languages, or the English translations, we have inserted a table in which the 
degree of any given temperature under 212® of Fahrenheit is expressed by 
those of Reaumur and Celsius : we omit De Lisle’s, its use being confined to Russia. 
As, however, higher degrees of temperature may be required than those given in 
the table, the following rules are given for chan^ng the degrees of any one of 
the scales into equivalent degrees of another ; viz. each degree of Fahrenheit 
is equal to four-ninths of one of Reau’m'or ; as Reaumur, however, reckons his 
degrees from the freezing point, and Fahrenheit 32® below this point, we must, 
when the number of Fahrenheit’s degrees to be reduced indicate a temperature 
above the freezing-point, first deduct 32, then multiply the remainder by 4, and 
divide the product by 9. The quotient is the corresponding number of degrees 
on Reaumur’s scale. If the temperature indicated was less than the freezing 
point, we must also be careful to take the actual number of degrees, reckoning 
from tbe freezing point. Thus 4 degrees above Fahrenheit’s zero is 28 below 
his freezing point ; and this is the number to be reduced to Reaumur’s scale. 

Ea'ch degree of Reaumur is equal to 2J of one of Fahrenheit. Multiply the 
given number of degrees of Reaumur by 9, and divide the product by 4. If the 
degrees of Reaumur were minus, the quotient must be deducted from 32, and 
the remainder will be the equivalent degrees of Fahrenheit. If the given degrees 
were not minus, the quotient must be added to 32 degrees, and the sum will be 
the equivalent sought. 

Each degree of Fahrenheit is equal to f of one of the centigrade. Proceed 
as in the case of Fahrenheit and Reaumur, multiplying, however, by 5, and 
dividing by 9. 

Each de^ce of Reaumur is equal to of the centigrade. Multiply the 
given number of degrees by 5, divide the product by 4, and the quotient will 
be the equivalent number of degrees on the centigrade scale. 

Each degree of the centigrade scale is equal to four-fifths of Reaumur. Multiply 
the given ipimber of degrees of the centigrade by 4, and divide the product by 5 ; 
the quotient will be the equivalent number of degrees on Reaumur’s scale. 

The different degrees of expansibility of dissimilar metals by tbe same 
increq^ of tempertiture, is well known, and has been usefully employed to 
produce compensation in the regulators of time-keepers ; and recently a very 
sensible and convenient thermometer has been made on the same principle. 
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THERMOMETER. 


The one from which we made the diagram on the next page, is contained in a 
common-sized pocket-watch, and indicates the temperature from 30“ below 
zero to 80“ Reaumur, equal to the extent from zero, to 212“ on Fahrenheit's 
scale. • 

It consists of a slip of steel on a slip of brass attached together, and ‘bent 
with the brass inwards, into a circular form a a, 4nd fixed to the frame of the 
watch at b, immediately behind the dial. One end of this eircular piece is bent 
inwards at c, and acts upon a lever, e f, of the third order. The lever moves 
upon a pivot at/, is furnished with an adjusting screw d, and a toothed segment e. 
The teeth of this segment act upon the teeth of a small pinion g, to the 
projecting pivot of which an index h is attached. 

The action of this little instrument is obvious ; for as the interior portion of 
the compound circular piece is of brass, which is . more expansible than the 
exterior, which is of steel, an increase of heat will cause the ring to open ; but 
in opening it acts upon the lever, and by that means turns the index, which 
points out by the graduated circle on the face of the watch the quantity of 
increase. On the contrary, when a decrease of heat takes place, the ring will 
have a tendency to close, and the lever being kept up to it by a small spring on 
the opposite side, acts upon the index, and points the quantity of decrease in 
the temperature. This thermometer indicates a change of temperature much 
quicker than the common mercurial thermometer, owing to the metals being 
better conductors of caloric, than wood or glass, the substances of which they 
are usually manufactured. 



A Thermometer of Contact has lately been invented by M. Fourrier. “ It 
is well known,” says M. Fjiurrier, “ that on touching different » substances 
main tained at the same temperature, the same calorific impression is not 
received in consequence of the different conducUbility of those bodies. It is 
even sufficient to cover those bodies with a thin sheet of paper, serf ^ly to 
change the effect of the contact. If, then, on a support kept at a constant 
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temperature, for example, at that of meltiug ice, thin sheets of different 
substances are successively applied, the simple contact of the naked hand w ill 
suffice to class a great number of them according to their order of conductibility ; 
but this method is by no means adfcurate, and is liable to other inconveniences. 
M. Fourrier’s instrument may be considered as an improved hand, and minutely 
establishes the facts to whi^h the application of the hand only makes an 
approximation. It is extremely simple ; it consists of a cone of very thin iron, 
filled with mercury, and terminated at its circular base by a skin of moderate 
thickness. A thermometer is placed in the mercury ; it is this skin which is 
put on the thin sheet applied to the support. The contact is very intimate, in 
consequence of its flexibility ; and the thermometer indicates the variations of 
temperature. By this instrument many curious facts have already been 
ascertained. For instance, it has been shown, that the order in which thin 
sheets of different substances are placed one upon another, influences the quantity 
of heat which passes through them i^der the same external circumstances. 
Thus, the interposition of a sheet of leather facilitates the transmission of heat 
from skin to cloth, and it obstructs it from cloth to marble. 

The thermometers hitherto described are very limited in their extent ; they 
indeed point out to us the lowest degrees of heat which are commonly observed 
even in cold climates, but they by no means reach to those degrees of heat 
which are very familiar to us. The mercurial thermometer extends no farther 
than to 600 of Fahrenheit's scale, the heat of boiling mercury ; but we are sure 
that the heat of solid bodies, when heated to ignition, or till they emit light, far 
exceeds the heat of boiling mercury. In order to remedy this defect. Sir Isaac 
Newton attempted, by an ingenious experiment, to extend the scale to any degree 
required. His plan, however, was not found convenient forpractical purposes. 
But following the idea suggested by Newton, the late Mr. Wedgwood invented 
a very simple thermometer, which marks with much precision the different 
degrees of ignition from a dull red heat visible in the dark, to the heat of an 
air-furnace. 

a i c d, in the annexed figure, is a smooth flat plate ; on which are fixed 
two rulers, or flat pieces, a quarter of an inch thick, lying flat upon the plate, 
with the sides that are towards one another made perfectly true, a little further 
asunder at one end, than at the other end; thus they include between 
them a long converging canal, which is divided on one side into a number of 
smsdl equal parts, and which may be considered as per- 
forming the offices both of the tube and scale of the common 
thermometer. It is obvious, that if a body, so adjusted as to 
fit exactly at the wider end of thb canal, be afterwards di- 
minished in its bulk by fire, as the thermometer pieces are, 
it will then pass further into the canal, and more and more 
so according as the diminution is greater; and conversely, 
that if a body so adjusted as to pass on to the narrow end, 
be afterwards expanded by fire, as is the case with metals, 
and applied in that expanded state to the scale, it will not 
pass so far ; and that the divisions on the side will he the 
measures of the expansions of the one, as of the contrac; 
tions of the other, reckoning in both cases from that point 
to which the body was adjusted at first, i is the body whose 
alteration of bulk is thus to be measured. This is to be 
gently poshed or slid along towards the narrow end till it is 
stopped by the converging sides of the canal. Mr. Walker, 
to whom we have already alluded, suggests the idea of a 
metallic thermometer which shall embrace the medium be- 
tween the highest point of the mercurial thermometer, which 
terminates at 600 degrees, and the lowest of Wedgwood’s, 
just described, which commences at 1077 degrees of Fahren- 
heit. ^metallic colnposition is formed, not liable to alteration in its quality 
or quantity by repeated exposure to heat, the melting point of which isat a little 
below 600 degrees of Fahrenheit, and its boiling point at 1200 degrees. A case 
resembling in form the glass case for the ordinary thermometer, but somewhat 
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larger, contains the metallic composition, and the scale consists in a slender 
graduated rod, equal in height at the commencement of the scale ; that is, 
when the metallic composition is just liquid to the top of the tube, the graduated 
rod terminating at the bottom in a thin, ciriJuiar, fiat plate, which rests or floats 
as it were upon the liquid metal ; and in proportion as the latter expands and 
rises in the tube by heat, the graduated rod is btioyed up, or raised above the 
top of the tube, passing through a perforated cover to the maximum, or boiling 
point. The thermometer case and graduated rod are formed of pipe-makers' 
clay, previously prepared by having been exposed to a sufficient degree of heat. 
The scale of this new thermometer is an exact continuation of the scale in the 
mercurial thermometers ; the lower degrees of the former corresponding with, 
or indicating like, temperatures with the upper degrees of the mercurial 
thermometer. 

“ Ihe same principle,’^ says Mr, Walker, I might observe, admits of being 
extended, for the purpose of ascertaining the variation in temperature, up'to the 
most intense heat, perhaps, that can be required. It is unnecessary to state here, 
that the influence of the incumbent atnaosphere upon the surf^e of the liquid 
metal within the operrtube is too inconsiderable, even at the commencement 
scale, to deserve notice, and at a higher temperature diminishes to no- 
thing ; especially if the whole of the liquid contained in the thermometer, as 
ought to be the case in every thermometer, be completely immersed, or subjected 
to the temperature, the degree of which it is intended to indicate. A method 
similar to the above, I should think, might be applicable to the purpose of 
showing, in a ready way, the degree of expansion in metals by heat ; but the 
donation of a cylinder of any metal, by increase of temperature, is much too 
small to admit of its being a convenient measure of temperature. I should not 
despair, however, availing myself of every advantage, viz., increasing the length 
of a metallic wire, by giving it a spiral form, in order to comprise a considerable 
length in small compass, with the application of the lever-index, and a good 
roagnifier, upon constructing a thermometer upon this principle, so as to render 
the scale apparent even to single degrees; using silver for the lower tempera- 
tures, and platina for the higher, or employing iron wire, only up to its ultimate 
pomt of expeuision in a solid state. 

THERMOSTAT. The name given to an ijistrument invented and recently 
patented by Dr. Ure, for regulating temperature in vaporization, distillation, 
and other processes, in which the agency of heat is required. It is effected by in- 
creasmg or diminishing the size of the apertures through which the calorific 
** nature of the contrivance, and its mode of action, 

will be understood by reference to the annexed diagram. 



o J, represent a compounder, comnosed of two flat pieces of meta^', po3se«sine 
different powers of ppansibiUty by tbe same increase of temperature siicb af 
iron and zinc, firmly nvitted together. Now, sunnose the mnct ’ -1,1 

metal, the zinc, placed on the uppir side, the compZd bar wHI W / 

to the imsition repr«ented atT*'; a;d by 7 rnutio" ? 

below tS:t at which the metals were riveJd 
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trary direction would take place ; and thus a motion is obtained from any change 
of temperature, which may be made, through the medium of levers, available in 
checking the cause of change, by altering the size of the opening through which 
the change was effected. Let c represent a stop-cock, through which steam, hot 
water, or other fluid enters, t<^ communicate heat to the vessel containing the 
thermostat a b, and let c d be a lever or handle, by which the cock is turned, 
joined to the compound bar, by the connecting-rod d b ; also, let the plug or 
the cock be so adjusted, that it shall be partially open when the lever is in the 
position represented b}' cd; and less open when in the position represented by 
c d ; then it is evident, that any increase of temperature, beyond that to which 
the instrument may have been adjusted, would, by causing the instrument to 
bend downwards, immediately diminfsh the passage, and consequently the sup- 
ply of steam, hot water, or whatever fluid may be used for communicating heat. 
While, on the contrary, a diminution in the temperature would cause the bar to 
bend upwards, and thus increase the paKage for the admission of a greater quan- 
tity of the heating vapour or fluid. 

The patentee gives a variety of examples, of the application of his thermo- 
stat for regulating the admission of heating fluids, as well as for regulating 
the ventilation of rooms, public buildings, &c,, some of them displaying con- 
siderable ingenuity; but they all depend upon the principle above explained, 
and therefore we have not deemed it necessary to describe them. 

THIMBLE. A metallic case, worn by tailors and sempstresses upon the 
finger, for the purpose of pressing needles through the stuff in sewing. An in- 
strument, answering the same purpose, is worn by sailors and sail-makers in the 
palms of their han^s by straps which fasten it thereto ; they are technically 
called palms, and are small circular plates of cast iron, indented on the surface. 
Thimble is the name also given to circular rings of iron, hollow on the outside, 
for a rope which envelopes it to be securely imbedded therein ; a metallic eye is 
thus formed, for passing another rope through, or hanging on to it by a hook, a 
tackle block, &c. 

THRESHING-MACHINE. An apparatus for separating the grain from the 
straw. Machines for this purpose were cpntrived as far back as 1732 ; these were 
considerably improved by Mr. Andrew Meikle, in 1785, who took a patent for bis 
improvements, which are described in the “Repertory of Arts.” Since that time 
they have undergone various ameliorations; and the construction of those which 
are mostly employed at the farm-houses, may be briefly described as consisting 
of three rotatative drums or cylinders ; around the first which comes into operation 
are a series of arms, or beaters, which are made to revolve, and thereby strike 
the com (supplied underneath them by feeding rollers,) with great rapidity. 
Hence the thereshed com is carried on by the motion of the feed rollers, to two 
successive straw shakers, which consist (as before mentioned) of a rotative frame, 
armedVith numerous spikes, that lift up and shake the straw, so as to force from 
amongst it the grain, and allow it to fall through a grated floor, into a large hop- 
per beneath. From this hopper the com is conducted to another receptacle, and 
in its passage winnowed by fanners driven with great velocity, that separate the 
chafi) by blowing it away into another receptacle. Of course the power by 
which such machines are driven depends upon local circumstances ; but in 
general a horse-wheel is employed, worked by the united force of three horses ; 
the horse- wheel is mounted with a large horizontal wheel, which drives a pinion 
on the main shaft of the threshing-machine ; and the main shaft, by suitable 
gear, gives motion at the requisite velocities to the parts we have described. 

TIDE. A regular periodical current of water, setting alternately in a flux 
and reflux, and generally considered to be produced by the influence of the 
moon. The sagacious Locke, in describing the theory of the tides, observes, 
“ that motioq of the water called the tides, is a rising and falling of the sea ; 
the cause of this is the attraction of the moon, wlftreby the part of the water 
in the great ocean, which is nearest the moon, being most strongly attracted, is 
raised Ijgher than thdrest; and these two opposite elevations of the surface of 
the water in the great ocean, following the motion of the moon from east to 
west, and striking against the large coasts of the continents, from thence 
rebound back again, and so make floods and ebbs in narrows, seas, and rivers. 
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TIDE-MILLS. Are mills or any kind of machinery moved by the ebbing 
and flowing of the tide. Mills of this kind are not very common, on account 
of the great expense of their construction ; but in situations where the tide 
rises to a considerable height, and where th^fuel required for a steam-engine 
is high, and the first cost can be met, tide-mills may be very advantageously 
constructed. 

’ The origin of tide-mills in this country does not appear to be recorded ; but 
the able Belidor ascribes the invention to a master-carpenter, at Dunkirk, of 
the name of Perse. Mills to be worked by the rising or falling of the tide, 
admit of great variety in the essential parts of their construction ; but tlijs 
varietj', Dr. Gregory observes, may be reduced to four general heads, according 
to the manner of action of tlie water-whefel. 1st, the water-wheel may turn 
one way when the tide rises, and the contrary when it falls. 2d, the water- 
wheel may be made to turn always in one direction. 3d, the water-wheel may 
rise and fall, as the tide ebbs and flows. « 4th, the axle of the water-wheel may 
be so fixed as that it shall neither rise nor fall, though the rotary motion shall 
be given to the wheel, while at one time it is only partly , at another completely 
immersed in the fluid. 

Some very ingenious suggestions for the construction of a tide-mill appeared 
some time since in a scientific journal, in which the arrangements differ in some 
essential respects from those apparently contemplated in Dr. Gregory’s classifi- 
cation. We shall insert the description in the author’s own words, 

/V- 1- 


* 



In this plan, “ the water is compelled to flow in and out of a basin in such 
a manner, that the greatest force shall be obtained from its curAnt ’and the 
annexed diagrams are introduced to illustrate the following explanation ” 

Fig. 1 representa a perpendicular projection of the prinaipal parts on a plane, 
supposed to be drawn longitudmally and vertically through the cent1% of the 
work, h v show the respective heights of the water, on each side of the flood- 
gate » ; the flushes, i on 6 j side, and i on c j, are supposed to be open and 
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according to the nomination of the parts, the water is flowing from the basin 
into the sea. 

Fig. 2 represents a perpendicular projection of the principal parts on a plane, 
supposed to be drawn latitudinaBy and vertically through the centre of the 

* Fig. 2. 


work, k shows the level of the water when flowing from the represented side ; 
the position of the flushes under these circumstances are shown, t being open, 
and k closed ; v shows the level ; oice versa, the position of the flushes in this 
case are seen, i being closed, and k open. An objection may arise from the 
variation of the quantity of water at the spring and neap tides. To counteract 
thi8,,the flush I is introduced into the flood-gate s, which may be opened and 
closed according as there is a redundancy or deficiency of water: this may 
either be effected by centrifugal balls, or by the attention of the individual who 
takes care of the works. It should be entirely opened when the mill is not 
used. 

Although this plan is more particularly adapted for harbours and the tideway 
of rivers, yet there are few parts of the coast on which such a mill might not be 
construct^. If it be on a sandy beach, a large wooden tunnel should be laid 
down at the lowest tide level, in order to introduce water upon the flood-gate. 
The basin had better be constructed of wood, as then the sides of it may be 
vertical, which is of great advantage, to produce a less variable current ; but it 
may be excavated, and lined with clay, which should be covered over with 
shingles, iir order to prevent the clay from being washed off. If it be on a rocky 
coast, and as before exposed to a surf, there should be a small tunnel excavated, 
(as shownvby dotted lines at t.) The basin in this case is easily formed ; I 
conjecture that an excavation of the capacity of*one of our first-rate ships, and 
about 12 feet deej^ would contain water enough to two pair of stones for a 
gristal^l. 

a o is the floating mill, of which the form of a ground plan is as Fig z. It 
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has angular ends fir two reasons ; 1st, because the huilding may he more easily 
constructed in this manner, to bear the pressure on the 
sheaves gg; and 2dly, in order to give a proper direction 
to the water. 6 is the excavated basin ; c the f ea or harbour ; 
n the soil ; s the flood-gate attached to the mill, and 
moving up and down with the tide ; j, the water-wheel ; 
i i flushes for introducing water on the wheel ; i k ditto, for 
letting it off; I ditto, for regulating the influx of water 
according to the strength of the tide ; d, the channel cut in 
the sides of the wall, and sunk below low-water mark, 
according to the rise and fall of the tide above, into which are inserted small 
sheaves working on an iron plate placed qn the flood-gate, in order to reduce 
the friction ; // are vertical beams of timber, supported by pieces o o, thrown 
across the passage horizontally and diagonally, with respect to the beam itself, 
for the purpose of bearing the horizontal pressure of the building on the 
sheaves g g, which pressure takes place bn each beam alternately, with the rise 
and fall of the tide ; e e are doors, the upper one may receive the com or 
materials when the mill is at a proper level, and the lower one discharge the 
same when in a convenient situation ; leather is placed in the joints, in such a 
manner as to prevent the water from getting through between the slide and 
flood-gate. There are two water-wheeb, in order that the pressure on the grooves 
d d may be less partial. 

A tide-mill was erected at East Greenwich, on the right bank of the 
Thames, under the direction of Mr. John Lloyd, an engineer of Westminster, 
of which the following will convey an idea •. the detaib are given by Dr. Gregory 
in hb Mechanics^ vol. ii. 

This mill b intended to grind com, and works eight pair of stones. Tlie 
side of the mill-house parallel to the course of the river, measures 40 feet 
within ; and as the whole of thb may be opened to the river by sluice- 
gates, which are carried down to the low-water mark in the river, there is a 40 
feet water-way to the mill ; through the water-way the water presses during 
the rising tide into a large reservoir, which occupies about four acres of land ; 
and beyond thb reservoir is a smaller one, in which water is kept, for the purpose 
of being let out occasionally at low water to cleanse the whole works from mud 
and sediment, which would otherwbe, in time, clog the machinery. 

The water-wheel has its axle in a position parallel to the side of the river, 
that is, parallel to the sluice-gates which admit water from the river ; the length 
of thb wheel is 26 feet, its diameter II feet, and its number of float-boards 32. 
These boards do not each run on in one plane from one end of the wheel to the 
other, but the whole length of the wheel is divided into four equal portions, and 
the parts of the float-boards belonging to each of these portions fall gradually 
one lower than another, each by one-fourth of the distance, from one board to 
another, measuring on the circumference of the wheel. 

Thb contrivance is intended to equalbe the action of water upon the wheel, 
and prevent its moving by jerks. The wheel, with its incumbent apparatus, 
weighs about 20 tons, the whole of which is r^ed by the impulse of the flowing 
tide, when admitted through the sluice-gates. It is placed in the middle of the 
water-way, leaving a passage on each side of about six feet, for the water to 
flow into the reservoir, besides that which, in its motion, turns the wheel round. 
Soon after the tide has risen to the highest, (which at thb mill is often 20 feet 
above the low water-mark,) the water is permitted to run back again from the 
reservoir into the river, and by thb means it gives a rotary motion to the 
water-wheel in a contrary direction to that with which it moved when impelled 
by the rising tide. 

TILES. Plates of red earthenware, used for the coverings of buildings, also 
for paving and other purposes. They are made of the better kiud of brick- 
maker’s clay, washed free frotn stones and other foreign matter; then moulded 
of various forms according to the purposes required, and b^ked in kilns. 

TILLER. The bar or lever employed to turn the rudder in floating', tssels, 
for the purpose of steering. 




t 

TILT. The awning or canopy spread over boats, waggons, and other 
equipages. 

TILT-H.'VMMER. A large |ieavy hammer, worked by machinery. See 
Iron. 

TIME. According to Mr. J,ocke, is “ the measure of duration.” “We acquire 
our notions of time,” says Dr. Robison, “ by our faculty of memory, in observing 
the succession of events. Time is conceiv^ by us as unbounded, continuous, 
homogeneous, unchangeable in the order of its parts, and divisible without end. 
The boundaries between successive portions of time may be called instants, and 
minute portions of it may be called moments. Time is conceived as a proper 
quantity, made up of, and measured by, its own parts. In our actual measure- 
ments we employ some event, whicff we imagine always to require an equal 
time for its accomplishment; and this time is employed as a unit of time 
or duration, in the same maimer as we employ a foot-rule as a unit of exten- 
sion. As often as this event is accomplished during some observed operation, 
so often do we imagine that the time of the operation contains this unit. It is 
thus that we affirm that the time of a heavy body falling 144 feet is thrice as 
great as the time of falling 1 6 feet ; because a pendulum, 394 inches long, makes 
three vibrations in the first case, and one in the last.” “ Inere is an analogy,” 
says our learned author, “ between the afiections of space and time, so obvious, 
that in most languages the same words are used to express the affections of 
both. Hence it is that time may be represented by lines, and measured by mo- 
tion ; for uniform motion is the simplest succession of events that can be con- 
ceived.” This further analogy also occurs between time and space, namely, 
that as in space all things are placed in the order of situation, so in time all 
events occur in the order of succession. (See Elements of Mechanical Philo- 
sophy, by John Robison, LL.D., Vol. I.) Like place, time may also be dis- 
tinguished into absolute and relative. Ahsdute time is time considered in itself, 
without any relation to bodies or their motions. Relative, or apparent time, is 
the sensible measure of any duration by means of motion. Time is also astro- 
nomical, or civil. Astronomical time is that of which the computation and 
measure depend solely on the motion .of the heavenly bodies. Civil time is 
astronomical time modified, and accommodated to the purposes of civil life. 

TIME-KEEPER. An instrument for measuring time. See Horoiogy. 

TIN. A metal of a white colour, intermediate between silver and lead. It 
is considerably harder than lead ; scarcely at all sonorous ; very malleable, being 
capable of extension, under the hammer, to about a two-thousandth part of an 
inch in thickness. The ordinary tinfoil is about a one-thousandth part of an 
inch thick. Tin has a slight unpleasant taste, and emits a peculiar smell when 
rubbed. Specific gravity, 7.291. It is very flexible, producing a remarkable crack- 
ling noise when bended, the loudness of which is a common, though not very ac- 
curst? test of its purity. Tin melts at 442" Fahr. ; when fresh cast, or fresh 
scraped, it is very brilliant, but it gradually loses its lustre by exposure to the air 
and acquires a greyish-white tint, which does not sensibly change. Like lead 
when heated nearly to fusion, it is brittle, and may be easily broken up by a 
hammer, when it exhibits a grained or fibrous texture. It may also be reduced 
to powder by agitation, at the period of its transition from the solid to the fluid 
state. 

There are several kinds or qualities of tin. The Cornish block tin is usually 
in blocks of about three cwt. each ; which are, however, run into smaller masses, 
of 30 or 40 lbs. each, for the convenience of trade. The common block tin is 
contaminated with a minute quantity of other metals, generally copper, to >he 
extent of altfiut a thousandth part. “ Refined block-tin ” is in blocks of tin 
melted into long narrow sticks, of a few ounces each. The “ grain tin” is the 
purest of the^ several English kinds, being obtained from the pure oxide of tin 
of the steam-works of Cornwall. It is first cast into^ilocks of about 1 20 lbs. each, 
and afterwards melted, so as to separate it into fragments resembling rocks • 
which Ji^roduced b^ letting the metal fall, when barely fluid, from a great 
heightTxhe tin imported from the East Indies, particularly Malacca, is es- 
teemed very pure, and considered the best for organ pipes, and some other uses. 
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The tin ore of Cornwall, obtained from the mines, is stamped to reduce it 
into fragments, then washed, to separate the earthy matter, and afterwards 
roasted in a reverberating furnace ; which process is repeated until the assay 
shows it to contain at least half of its weight of metal, when it is sold to the 
smelters. In this state it is mixed with culm an<^ slaked lime, well moistened, 
and then smelted in a reverberating ftirnace, capable of reducing about 7 cwt. 
at a time. A given weight of tin, produced from Cornish ore, consumes about 
double its weight of coal in the operations of roasting and smelting. Between 
three and four thousand tons of tin are produced annually from the mines of Corn- 
wall. Chaptal says, that if tin be kept in fusion in a lined crucible, and the 
surface be covered with a quantity of charcoal, to prevent its calcination, the 
metal becomes whiter, more sonorous, and liarder. provided the fire be kept up 
for eight or ten hours. 

. Mercury dissolves tin with great facility, and in all proportions. To make 
this combination, heated merciuy is pouced on melted tin ; the consistence of 
the amalgam differs according to the relative proportions of the two metals. 

Nickel, united to tin, forms a white and brilliant mass. Half a part of tin, 
melted with two parts of cohalt, and the same quantity of muriate of soda, fur- 
nished Beaume with an alloy in small close grains of a light violet colour. Equ.-il 
parts of tin and bismuth form a brittle alloy, of a medium colour between the 
two metals, and the fracture of which presents cubical facets. 

Zinc unites perfectly with tin, and produces a hard metal, of a close-grained 
fracture; its ductility increases with the proportion of tin. 

Antimony and tin form a white and brilliant alloy, which is distinguished 
from other alloys of tin by its possessing a less specific gravity than either of 
the two metals by which it is formed. 

In combining arsenic with tin, precautions must be taken to prevent the 
arsenic from escaping by volatilization. Three parts of tin may be put into a 
retort, with one-eighth part of arseniMn powder ; fit on a receiver, and make 
the retort red hot; very little arsenic rises, and a metallic lump is found at the 
bottom, containing about one-fifteenth part of arsenic ; it crystallizes in large 
facets, is very brittle, and hard to melt. , 

If tin be kept in fusion with access of air, its surface is speedily covered with 
a greyish pellicle, which is renewed as fast as it is removed. If this grey- 
oxide be pulverized and sifted, to separate the uncalcined tin, and calcined again 
for severed hours, under a muffle, it becomes the yellow oxide of tin, called among 
ailizans patty of tin, and extensively used in polishing of glass, steel, and other 
hard bodies. 

A white oxide of tin is used in forming the opaque kind of glass called enamel. 
This composition is made by calcining 100 parts of lead and 30 parts of tin, in 
a furnace, and then fluxing these oxides with 100 parts of sand, and 20 of potass. 
This enamel is white, and is coloured with metallic oxides. " 

All the mineral acids dissolve tin, and it may be precipitated from its solu- 
tions by potass ; but an excess of potass will re-dissolve the metal. Nitro- 
muriate of gold is a test of fm in solution, with which it forms a fine purple 
precipitate. 

The sulphuric acid dissolves tin, whether concentrated or diluted with water ; 
part of the acid is decomposed, and flies off in the form of sulphurous acid gas. 
Heat accelerates the effect of the acid. Tin, dissolved in the sulphuric acid, is 
very caustic. 

The solution of tin in the nitric acid is performed with astonishing rapidity, 
and the metal is precipitated almost instantly in the form of a white oxide. If 
this acid be loaded with all the tin it is capable of calcining, and th® oxide he 
washed with a considerable quantity of distilled water, a salt may be obtained 
by evaporation, which detonates alone in a crucible well heated, and bums with 
a white and thick flame, likfe that of phosphorus. The nitric acii holds but a 
very small quantity of tin in solution, and when evaporated for the purpose of 
obtaining crystals, the dissolved portion quickly precipitates, and^the acid 
remains nearly in a state of purity. Nitric acid, much diluted, holds'rather 
more tin in solution, bnt lets it fall by standing, or by the application of heat. 
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The muriatic acid dissolves tin, whether cold or hot, dilJked or concentrated. 
If fuming, and assisted by a gentle heat, the addition of the tin instantly causes 
it to lose its colour and property of emitting fumes, and a slight effervescence 
takes place. The acid dissolves ipore than half its weight of tin ; the solution 
is yellowish, of a fetid smell, and affords no precipitate of oxide, like the sul- 
phuric and nitric acids. • 

The oxy-muriatic acid dissolves tin very readily, and without effervescence, 
because the metal quickly absorbs the superabundant oxygen from the acid, and 
requires'no decomposition of the water to effect its oxidation. 

Nitro-muriatic acid, made with two parts of nitric acid, and one of muriatic 
acid, dissolves tin with effervescence. It is the solution of tin in this acid which 
the dyers employ to heighten the qplour of their scarlet dyes. It is prepared 
by adding small portions at a time, of tin, to the common aquafortis of com- 
merce : when the appearance of oxide is observed at the bottom of the jar, 
muriate of soda is added, by which its solution is effected. If the colour im- 
parted by this solution is not bright, if little nitrate of potass is added to it 

The acetous, and most other vegetable acids, have some action upon tin, par- 
ticularly when aided by a gentle heat; but the solutions thus obtained are not 
used in the arts. Tin decomposes the corrosive muriate of mercury. It is for 
this purpose amalgamated with a small portion of mercury and this amalgam, 
being first triturated in a mortar with the corrosive muriate, the mixture is then 
distilled by a gentle heat A colourless liquor first passes over, and is followed 
by a thick white vapour, which issues with a kind of explosion, and covers the 
internal surface of the receiver with a very thin white crust. The vapour 
becomes condensed into a transparent liquor, which continually emits a thick, 
white, and very abundant fume. It was formerly called the fuming liquor cf 
Ltbavius, and is the combination of the muriatic acid and tin. 

Tin has a strong affinity for sulphur; the sulphuret of tin may be formed by 
fusing the two substances together : it is brittle, heavier than tin, and not fusible. 
It has a blueisb colour, a lamellated texture, and is capable of crystallizing. 

The white oxide of tin combines with sulphur, and forms a compound called 
aurum musimtm, or mosaic gold, which is much used for giving to plaster-of- 
Paris the resemblance of bronze, and improving the appearance of bronze itself. 
It is also occasionally used to increase the effects of electrical machines. See 
Aurum Musivom. 

Tin possesses the property in a remarkable degree of promoting the fusibility 
of other metab, with which it is mixed. Two parts of lead, and one of tin, 
which forms the best plumber’s solder, melt at a temperature of little more than 
300° Fahr. ; although the melting point of tin alone is 440°, and that of lead 
612°. One part of tin, and two of lead, which forms the inferior plumber’s 
solder, melt at a lower temperature than the first-mentioned proportions, not- 
withstanding the increased quantity of the less fusible metal. Eight parts of 
bismuth, (which melts per se at 480“,) five of lead, and three of tin, fuse at a 
heat below that of boiling water. It is tliis alloy of which tea-spoons are some- 
times made, to surprise those who are ignorant of their nature, by their melting 
in a cup of hot tea. 

The uses of tin are so very numerous, and so well known, as not to need 
detailing. We shall advert to only a few ; viz. the fabrication of boilers and 
kettles for dyers’ use ; the worms of stills ; the drawing of pipes, (erroneously 
called pewter) for gas conduits, for beer, wine, vinegar, and other acetous liquids, 
which have no action upon pure tin : if the tin were alloyed, it could not be 
drawn into sound pipes. Tin forms the principal ingredient in pewter of all 
qualities, and enters largely into the greater part of the white alloys in such 
extensive ifte. Immense quantities of tin are used in the fabrication of tinned 
iron plates, improperly called tin-plates. We may also here notice a new and most 
important Application of this pure metal, (under ^ patent granted to Mr. John 
Warner, jun. founder, &c., of Cripplegate, London,) which is that of giving a 
perfect and beautiful coat of tin to lead pipes, which thus possess the valuable 
qu^Ji^iT of both metals; viz. the cheapness and flexibility of lead, and the 
purity and indestructibility of tin. 
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TINNING, Thj art of covering any metal with a thin coating of tin. 
Copper and iron are the metals most commonly tinned. The use of turning 
these metab is to prevent them from being corroded by rust, as tin is not so 
easily acted upon by the air or water, as iron and copper are. What are com- 
monly called tin-plates, or sheets, so much used for utensils of various kinds, 
are, in fact, iron plates coated with tin. The principal circumstance in the art 
of tinning is, to have the surfaces of the metal to be tinned perfectly clean and 
free from rust, and also that the melted tin may be perfectly metallic, and not 
covered with any ashes or calx of tin. When iron plates are to be tinned, they 
are first scoured, and then put into what is called a pickle, which is sulphuric 
acid diluted with water; this dis.solves the rust or oxide that was left after 
scouring, and renders the 'surface perfectly ,clean. They are then again washed 
and scoured. They are now dipped in a vessel full of melted tin, the surface of 
which is covered with fat or oil, to defend it from the action of the air. By this 
means, the iron coming into contact with the melted tin in a perfectly metallic 
state, it comes out completely coated. When a small quantity of iron only is to 
be tinned, it is heated, and the tin rubbed on with a piece of cloth, or some 
tow, having first sprinkled the iron with some powdered resin, the use of which 
is to reduce the tin that may be oxidated. Any infiammable substance, as oil 
for instance, will have in some degree the same effect, which is owing to their 
attraction for oxygen. Sheets of copper may be tinned in the same manner as 
iron. Copper boUers, saucepans, and other kitchen utensils, are tinned after 
they are made. They are first scoured, then made hot, and the tin rubbed on 
as before with resin. Nothing ought to be used for this purpose but pure grain 
tin ; but lead is frequently mixed with the tin, both to adulterate its quality, 
and make it lie on more easily ; but it is a very pernicious practice, and ought 
to be severely reprobated. 

TITANIUM. A new metal discovered by the Rev. Mr. Gregor, in the 
beginning of the present century, in Cornwall. Klaproth subsequently found it 
in the red-shorl of Himgaiy, and gave it the name of titanium. Lampadius 
was the first who completely reduced it, which he effected by charcoal only. 
The metal was of a dark copper colour, with much brilliancy, brittle, and in 
small scales considerably elastic. It tarnishes in the air, and is easily oxidised 
by heat : it then acquires a pui-ple tint. It detonates with nitre, and is infusible. 
All the mineral acids act upon it with great energj'. According to Vauquelin, 
it is volatilized by intense heat. 

TOBACCO. The dried leaves of a foreign poisonous plant, moat exten- 
sively cultivated in many parts of the world, to furnish a species of aliment to 
the depraved tastes of a large portion of the human race. 

Tobacco is a potent narcotic, and also a strong stimulus, and in small doses proves 
violently emetic and purgative. The oil is remarkable for its extreme malig- 
nancy, and when applied to a wound, is said, by Redi, to be as fetal as the poison 
of a viper. The decoction, smoke, and powder are used in agriculture to destroy 
insects. 

Tobacco being cultivated for the leaves, it is an object to render these as large 
and also as numerous as possible, and therefore the most fertile soil is preferred. 
It is vejy sensible to frost. The plants are raised on beds, early in spring, and 
when they have acquired four leaves, they are planted in the fields, in w'ell 
prepared earth, about three feet distant every way. Every morning and evening 
the plants require to be looked over, in order to destroy a worm which some- 
times invades the bud. When four or five inches high, they are moulded up. 
As soon as they have eight or nine leaves, and are ready to put forth a stalk, the 
top is nipped off, in order to make the leaves larger and thicker. After this 
the buds, which .sprout from the axils of the leaves, are all plucked; and not a 
day is suffered to pass without examining the leaves, to destroy a large cater- 
pillar, which is sometimes ve^- destructive to them. When they are fit for 
cutting, which is known by the brittleness of the leaves, they are cut with a 
knife, close to the ground ; and, after laying some timer are carried to the 
drying shed, where the plants are hung up by pairs, upon lines, having s'-jijce 
between, that they may not touch one another. In this state they remain to 
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sweat and di^ ; wlien perfectly dry, the leaves are stripped n-oni the stalks, and 
made into small bundles, tied with one of the leaves. These bundles are laid 
in heaps, and covered w'ith blankets. Care is taken not to overheat them, for 
which reason the heaps are laid o^en to the air from time to time, and spread 
abroad. This operation is repeated till no more heat is perceived in the heaps, 
and the tobacco is then stowedf in casks for exportation. 

In the manufacture of tobacco, the leaves are first cleansed of any earth, 
dirt, or decaj'ed parts ; next, they are slightly moistened with salt and water, or 
water in which salt and other ingredients have been dissolved according to the 
taste of the fabricator. This liquor is called tobacco sauce. 

The next operation is to remove the mid-rib of the leaves, which is reserved 
to be dried and ground for snuff, ^e leaves are then manufactured into a 
variety of articles, by rolling, twisting, and cutting ; but the chief are the 
making of segars, and the cutting the leaves by a machine into fine shreds, for 
smoking with pipes, or chewing. Th» machine by which the latter operation 
is conducted is a very effective instrument, a knife being made to alternate 
vertically between grooves, with very great rapidity, whUe the tobacco leaves, 
confined in a channel, are gradually moved forward by a regulated quantity of 
motion under the operation of the knife, by which the shreds are uniformly cut 
of any required thickness. 

A patent for an improvement in the machines used forthis purpose, was taken 
taken out by Mr. Samuel Wellman Wright, in 1828. Instead of the alter- 
nating action of a single knife, Mr. Wright has introduced a series of knives, placed 
as radii to a wheel, which, as they revolve, cut the tobacco into shreds ; much 
resembling in its action the chaff-cutting machine in general use, except that 
the knives in the latter have a curvature given to them, in order that they may 


Fig. 1 . 



cutjpidft slicing action, and not with a chop, as in the machine we are about 
to^Mcribe, which may, however, be easily altered according to our suggestion. 
Fig. 1, (above) and Fig. 2 annexed, represent two elevations or views of the 
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machine, one being at right angles to tl>e other, a is the main axis, set in 
motion by the drum i; c c is a fly-wheel having hinges d </, to which the 
cutterse e are attached by screws, (these are best seen in jRy. 1 ;) other screws// 
are employed to adjust and set the hinges *J d, so that the cutters shall press 
close to the front of the box ff, in which the tobacco is placed ; A A are two 
screws for pressing the tobacco down ; and A a”screw, by the turning of which 
it is pushed forward towards the cutters. This screw is supported in plummer 
blocks 1 1, and works in a nut fixed in a massive block m, from which two strong 
bars proceed to another block in the box g, which presses tlie tobacco forward 
by the revolution of the screw. On the axis of the screw is a treble pulley, 
driven by a cat-gut band from another pulley o, on the axis of a, which admits 


iKVjil 




of the Telocity of the screw being varied according as the tobacco is required to 
be cut fine or coarse. The treble puUey^ is made to carry round a screw by a 
sliding clutch p in the axis of the screw, which is kept pressed by a fork lying 
in grooves in the clutch. 

When the box requires a fresh supply of tobacco, the fork is turned back from 
the clutch, and a weight s, which has been wound upon the axis of a winch t 
descends, and turning the screw in the reverse direction, brings back the block 
to the other end of the box g. 

TODDY. A juice drawn from various kinds of palms, by cutting off such 
branches as nature intended to bear fruit, and receiving from the wound the sap 
designed for the nourishment of the future crop. This juice being fermented 
and distilled with some other ingredients, forms the celebrated spirituous liquor 
called arrack or rack. 

TO.MBAC. An alloy of copper, with about one-sixth part of ziinc. 

topaz, a precious stone found in Saxony, Bohemia, Siberia, and Brazil, 
mixed with other minerals, in granitic rocks. The yellow topaz ■ of Brazil 
becomes red when exposal to a strong heat in a crucible ; that of Saxony 
becomes white by the same process, showing that the colouring matter of each 
is not the same. ' ^ , 

TOPOGRAPHY. A description or draft of some tract of land, as^tito'^f a 
city, town, villa, field, &c. as set out by surveyors. 
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t TORMENTOR. An instrument much used in tillage, soinetimes for breaking 
down the stiff clods, and at other times for skimming the surface turf, for the 
purpose of burning. It resembles a harrow in its general appearance, hut runs 
upon wheels, and each tire is furnjshed with a hoe or share that enters and cuts 
up the ground. 

TORPEDO. A suh-mariiv: apparatus, invented by Robert Fulton for the 
purpose of destroying ships. It consisted of a vessel or case, charged with 
combustible matter, which he proposed to transfix by a harpoon to the bottom 
of a ship, by diving underneath it in his “ nautilus,” in which he sometimes 
remained under water for an hour at a time. Buonaparte employed him to 
apply his “ infernal machine ” to some British ships in the Channel ; but Fulton 
failed in his attempts to fix his tojpedoes ; whereupon the impatient consul of 
the French republic regarded him as a quack, and dismissed him, unjustly 
observing, “ Get Americain etait un charlatan, un escroc qui voulait seule- 
ment attraper de I’argent.” 

TORTOISESHELL. The shell oFthe tortoise, a testaceous animal, used in 
the fabrication of many articles of ornament and utility. The comb-makers 
and horn-turners of France, Holland, and Germany, make use of the parings 
and clippings of horn and tortoiseshell, in the manufacture of snuff-boxes, and 
a variety of elegant articles and toys. They first soften the material in boiling 
water, so as to be able to press it into iron moulds, and then, by means of heat, 
unite them intimately into one mass. Care must be taken that the heat be not 
so powerful as to scorch the material ; and grease must be carefully avoided, as 
that prevents their union. 

TOURNIQUET. A surgical Instrument employed to stop bleeding. 

TOW. Coarse undressed hemp, or old rope reduced to the filamentous state. 

TRAGxkCANTH. A gum, also called gum adracant, and gum dragon, is 
the produce of the above, and some other shrubs. The gum is brought to us in 
long and slender pieces, of a flatted figure more or less ; and these not straight, 
or rarely so, but commonly twisted or contorted various ways, so as to resemble 
worms. We sometimes meet with it, like the other vegetable exudations, in 
roundish drops, but these are much mope rare. It is moderately heavy, of a firm 
consistence, and, jiroperly speaking, very tough rather than hard, and is extremely 
difficult to powder, unless first carefully dried, and the mortar and pestle kept 
dry. Its natural colour is a pale white, and in the cleanest pieces it is something 
transparent. It is often, however, met with of a brownish tinge, and of other 
colours still more opaque. It has no smell, and very little taste, but what it 
has is disagreeable. Taken into the mouth, it does not grow clammy, 
and stick to the teeth, as gum arabic does, but melts into a kind of very soft 
mucilage. It dissolves in water but slowly, and communicates its mucilaginous 
quality to a great quantity of that fluid. It is by no means soluble in oily or 
spiritflous liquors, nor is it inflammable. It is brought to us from the island of 
Crete, and from several parts of Asia. It is to be chosen in long twisted pieces 
of a whitish colour, free from all other colours, which must be rejected. 

TRAMMEL. An instrument employed by artificers and draftsmen for 
draw'ing ellipses. It consists of a cross with two grooves at right angles to each 
other, and a beam containing two pins that are made to traverse in the grooves 
by the revolution of the bar ; the bar carries a pencil that describes an ellipse. 

TRANSFERRING of engravings and lithographic drawings from the 
paper, on to. wood, or other material, is thus performed. The print is first 
placed in a vessel of water, until it is completely saturated, which will be in 
about five or ten minutes, and then placed between blotting paper to remove 
the superabwndant water from its surface. It is then varnished by a brush, and 
applied immediately to the wood, which has been previously varnished and 
allowed to •diy. The print, thus applied, may J^e subjected to the pressure 
necessary to effect its complete adhesion, by spreading over it a sheet of paper, 
and tubbing this wit|j the hand The paper on which the print was made may 
theifiSl^eled oft’ by rubbing it cautiously with the moistened fingers, and when 
wTOHy removed, a coat of varnish mnst be applied to the print. 'When coloured 
prints are to be transferred, an acid solution must be used instead of water to 
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destroy the size witch exists in the paper. This solution may he composed of 
two-thirds of vinegar and one-third of water, and is to he applied only to the 
back of the print. If the article is to be polished, apply several coats of 
varnish, allowing each to dry before the application of another ; and then rub 
the surface with a piece of woollen cloth and pumice stone reduced to im- 
palpable powder. When the surface becomes smooth, the process may be con- 
tinued with a fine cloth, and the finest tripoli with olive oil. 

TRANSPARENCIES. Is a term ordinarily applied to pictures, prepared 
with semi-transparent or translucent materials, and illuminated at the back, so 
as to exhibit them at night. The art of preparing them is as follows : — 

The paper (or other material) must be fixed in a straining frame, in order 
to place it between the eye and the ligl<., when required. After tracing the 
design, the colour must be laid on, in the usual method of stained drawings. 
When the tints are got in, place the picture against the window on a pane of 
glass framed for the purpose, and beginjo strengthen the shadows with Indian 
ink, or with colours, according as the effect requires ; laying the colours some- 
times on both sides of the paper, to give greater force and depth of colour. The 
last touches for giving final strength to shadows and forms, are to be done with 
ivory-black or lamp-black prepared with gum-water, as there is no pigment so 
opaque and capable of giving strength and decision. When the drawing is 
finished, and every part has got its depth of colour and brilliancy, being perfectly 
dry, touch very carefully with spirits of turpentine, on both sides, those parts 
which are to be the brightest, such as the moon and fire ; and those parts 
requiring less brightness, only on one side. Then lay on immediately, with a 
pencil, a varnish, made hy dissolving one ounce of Canada balsam in an equal 
quantity of spirit of turpentine. Be cautious with the varnish, as it is apt to 
spread. When the varnish is dry, tinge the flame with red lead and gamboge, 
slightly touching the smoke next the flame. The moon must not be tinted with 
colour. Much depends upon the choice of the subject. The great point to be 
attained is a happy coincidence between the subject and the effect produced. 
The fine light should not be tod near the moon, as its glare would tend to injure 
her pale silver light ; those parts which are not interesting should be kept in an 
undistinguishable gloom; and where the principal light is, they should be 
marked with precision. Groups of figures should be well contrasted ; those in 
shadow crossing those that are in light, by which means the opposition of light 
against shade is effected, 

TREAD-MILL. Is a mill worked by the weight of persons treading upon 
the first movement, which is usually a wide cylindrical wheel, having upon its 
periphery a series of projecting steps or boards, resembling those of a water- 
wheel. The weight of the individuals continually climbing these steps, causes 
it to turn round, and put in motion any other machiner)’, by means of or,dinary 
gear. Tread-mills are now resorted to pretty generally in this country, as a 
means of prison discipline ; and the result has been, that men cannot be found 
to work this species of machine out of prison, conceiving the employment to be 
degrading. The Chinese raise water by a similar contrivance for irrigation. 

TREE-NAILS. Are cylindrical wooden pins or bolts, used to fasten planks 
to timbers, especially in ship-building. 

TREPANNING. Is a surgical operation for opening the skull in cases of 
fracture ; a description of which does not form a part of the plan of this work, 
and we only introduce the subject, in order to describe the instrument by which 
it is performed, as the principle of its construction may be advantageously 
apphed to other purposes, a represents a thin steel tube, the edge of which is 
serrated into fine sharp teeth, forming thereby an annular saw ; if is fixed in a 
stout brass collar h, which is adjusted to the end of the axis c, and revolves 
therewith, when turned by the winch d. There are three screw supports, e e, to 
the upper and lower plates, which form the frame, and the distance of the 
plates from each other is adjustable by the screws e e. The end of Mie axis c 
is formed into a pointed drill, and extends a little beyond it.j 

The case which contains this instrument is provided with several sized annular 
saws, drills, and screws. The surgeons, in using this instrument, (after removing 
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a portion of tlie scalp,) cut out a circular piece of bone, tlA; central pin or drill 
preventing it from slipping, and the perforation thus made by the drill serves 



afterwards for the insertion of a scrcvr, by which the removal of the circular 
piece of bone is ensured. Access is ^bus gained under the arch of the skull 
for removing the splinters or raising the depressed parts, occasioned by the 
fracture. Circular saws of this description have already been applied for 
cutting out pillars and concentric cylinders from solid blocks of stone; and 
our mechanical readers will find out many other valuable uses for the applica- 
tion of a similar instrument. 

TRIANGLE. In geometry, a figure bounded or contained by three lines or 
sides, and which consequently has three angles, fro.m whence the figure takes 
its name. 

TRIANGUL.\R-COMPASSES. Are compasses with three legs, whereby 
to take off any triangle at once ; much used in the construction of maps, 
globes, &c. 

TRUCK. A small wheel carriage to be moved by hand ; a species of barrow 
with two wheels ; they are made in a great variety of forms, to adapt them to 
their peculiar objects, such as the moving of sacks, bags, casks, cases, lead, iron, 
copper, stone, &c. S.'c. I'o describe those simple, well-known machines, would 
be of little utility ; we therefore confine our attention to a very ingeniously 
contrived truck, invented by Mr. S. W. Wright, and which is ernployed at the 
West India Dock Company's warehouses, for moving and stacking the sugar 
hogsheads in tiers ; an operation previously performed by other mechanical 
means, and technically called “ riding the hogsheads.” 

a a a shows the frame of the truck, mounted upon four wheels, on which it 
nms •, h bis, the skid upon whicli the hogshead is raised into the position repre- 
sented ; c c d d are levers supporting the skid, and turning upon fulcnims at o o, 
to which are attached two toothed sectors e e, that are acted upon by two 
pinions fixed near to the ends of the axis f : this axis carries a click-box y, 
whicii is worked by a lever h attached to it: i is a ratchet-wheel on/, ? a pall, 
acting on the same to prevent it receding; m a bent lever, for lifting by inter- 
mediate chains, the palls, and click, which allows the skid to descend to the level 
of the upper side of the frame a a ; is a handle for men to draw the truck. 
There are two ratchet wheels, and two palls, though only one can he seen in the 
perspective view given. 

A crane is employed to lift the hogsheads upon the truck; tlie latter is then 
wheeled off to the pile, where the hogshead is raised by alternately raising and 
depressing the lever h, which turning round the axis / causes the pinions fixed 
upon it to raise the toothed sectors and levers that support the skid ; a reaction 
being prevented by the palls falling into the teeth of the ratchet-wheels as they 
turn round. We object generally to an intermitting motion, where a continuous 
one can he applied ; and we can see no difficulty in applying it in the present 
instance.by the introduction of winches in the usual way. Notwithstanding the 
slight imperfections that may at present attach t^ this machine, it must be pro- 
nounced an original and effective contrivance ; and so sensible (it was reported) 
were t!^ directors the establishment before mentioned of the advantages 

the use of the new truck in their warehouses, as to present the 
inventor with the sum of a thousand joounds, over and above the amount of their 
contract for a great many of the machines ! 
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TRUMPET. The loudest of all portable wind iiistnuncnts ; of which there 
are various kinds. In their most simple form, they consist of a mplallic tube, 
with a large bell-shaped aperture at one end for the emission of the sound, and 
a mouth-piece at the other, adapted for blowing into it by the lip?, -See the 
words Ear-trumpet and Spe«cing-trompet. 

TRUNDLE. A small wheel with staff teeth ; also called a lantern or 
wallower. This term is likewise given to the little carriages more »aerallv 
caUed Trucks, which see. 

^ TRUNNIONS. The short arms which project from the opposite sides of a 
piece of artillery, on which it is supported in its carriage, and becomes the 
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centre of motion upon altering its inclination. Trunnions A’e'also employed in 
a similar manner to vibrating steam-engines, and in a great variety of other 
mechanism. 

TRUSS. A term applied to nfany different things. In surgery, it. is the 
bandage worn round the bodies of persons afflicted with hernia, or rupture. In 
sea affairs, it is a certain combination of pulleys, “to bowse the truss-pendants 
taught.'’ In agricultural affairs, it is a certain bundle of hay, or straw, &c. 
The truss of hay weighs 56 lbs., and 36 trusses make a load. In commerce, 
there are trusses of other articles, in which the quantities vary. 

TUBE. A hollow cylindrical body, made of metal, wood, or any other sub- 
stance ; the term is synonymous with Pipe; which see. 

TUN. A large cask or barrel, wlftch has probably derived its name from its 
capability to hold about a ton weight of ordinary liquids ; or the measure of 
weight might be derived from that of capacity. A tun of vegetable oil is 236 
gallons ; of animal oil, 252 gallons ; of wine, 252 gallons. 

TUNGSTEN. A mineral found in Sweden, of an opaque white colour, and 
great weight ; whence its name, — tungsten, or ponderous stone. This ore was 
analyzed by Schule, who found that it was composed of lime, and a peculiar 
earthy-like substance, which, from its properties, he called tungstic acid. The 
basis of the acid was found to contain a metal, which was named tungsten, 
and was obtained from the acid by charcoal. 

TUNNEL. An artificial arch or passage under ground. They are employed 
as the means of conducting canals under elevated ground ; for the formation of 
roads under rivers and canals, and in the construction of sewers and drains, &c., 
&c. Tunnels are now almost as common as canals and bridges. Amongst the 
many important works of this kind, may be mentioned, the canal tunnel under 
Standidge, between Manchester and Huddersfield, which extends under ground 
upwards of three miles, and is 220 yards below the surface. The railway tunnel 
under Liverpool. The road tunnel under the Thames, at Rotherhithe, which, 
although completed only half-way, is an undertaking of great national interest, 
and will, whenever finished, prove of great public utility. It is thirty-eight feet 
in width, and in the style of a double aVcade, as shown in a sectional representa- 
tion, which we shall have shortly to introduce. The work was commenced in 
1825, by the building on the surface of the ground a circular brick tower, fifty 
feet in diameter, and three feet thick ; this tower was gradually undermined all 
round, and sunk, until it rested on clay, forty feet below the surface ; a wall 
was then built from beneath, to meet the kirb on which it stood, till from the 
depth of sixty-four feet, the shaft was completed, and a well formed seventeen 
feet deep, and twenty-five feet diameter, in the centre of the area, to serve as a 
receptacle for any water that might collect in the works, and which always 
brings it under the command of the steam-engine pumps. The shaft was then 
broken through, to commence the tunnel, in which, it is said, considerable diffi- 
culty was experienced. To give security and confidence to the men in exca- 
vating, Mr. Brunei invented a cast-iron shield or frame, of great solidit}', so as to 
he capable of withstanding an immense pressure. Its extreme dimensions were 
thirty-seven feet in width, twenty-one feet six inches in height, and seven feet 
in depth, horizontally'. This shield was divided into twelve peipendicular 
frames, and each frame subdivided into three stories, called cells or boxes. The 
utility of the framing consisted in its supporting the superincumbent weight, and 
in protecting’ and shielding the workmen employed from accident. One miner 
worked in each of the stories or cells, consequently, thirty-six men were enabled 
to pursue tljeir operations at the same time. Each division had a roof of cast- 
iron plates, polished on the upper surface, so as to slip easily over the stratum 
of clay whii^li rested upon it ; and was supported by two strong cast-iron plates, 
called shoes, and which rest upon gravel at the bise. The motion of each divi- 
sion was thus effected: — Each of the miners in the three cells excavated the 
gromj^*! front of ^im, to the depth of nine inches, until the perpendicular 
h^^t of the soil in front of the division, which was to be advanced, was exca- 
vated. He then supported the face of the soil by means of small planks called 
polings, and shut them with screws to the adjoining divisions, which were at 
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rest. The next operation consisted in unscrewing and slackening one of the 
legs, while the other supported the weight of the machine. The slackened leg 
was then advanced at two separate times to the length of nine inches, and then 
screwed up tight. When properly secured, the other leg was advanced, together 
with the shoes, in the same manner; and the division was then moved forward 
nine inches, by means of two horizontal screws knd levers, one at the top and 
the other at the lower part of the division. One end of these screws was fixed 
in the frame, and the other abutted on the br'ckwork. Each of the divisions 
was moved in a similar manner, until the whole twelve were advanced nine 
inches, when the bricklayers immediately follo wed up with the brickwork and 
oeraent, building one brick in length in straight joints. This brickwork again 
formed an abutment for the horizontal scrA-s ; thus the work proceeded, alter- 
nately moving the machinery forward nine inches, and following it up with a 
course of brickwork in cement. 

Notwithstanding these ingenious contr^'ances for ensuring the progress of the 
work (which reflect great credit upon the talents of the engineer), an irruption 
of water took place on the 18th of iMaj% 1827 ; and as some account of the cir- 
cumstances attending it may prove of importance to persons engaged in, or 
about to undertake, similar works, we shall here give it from the pages of a pe- 
riodical journal published at the time. 

For several weeks previous to the irruption of the water, it was discovered, by 
the frequent descent of pieces of bone, brickbats, coals, &c., from the bed of the 
river to the works, that the earth, or rather the mud between the water and the 
tunnel, was exceedingly loose, and even at times in motion. Although much 
water had occasionally penetrated the works, the engine was found sufificient to 
remove it, and the work proceeded with very little interruption, till that time 
when the irruption of water between the shield and the brickwork was so great, 
as to oblige the men to make a hasty retreat, which they all did in safety. This 
iiTuption, which soon filled the tunnel, was much augmented by the action 
of the water on the last row of brickwork, before it was completed, and the 
cement had had time to set. On examining the bed of the river, after the acci- 
dent, with the diving-bell, a spacious cavity was discovered over the spot, which 
terminated in a small hole, descending into the tunnel between the shield and 
the brickwork, as represented in the annexed sectional sketch. This hole, as 





well as a second, which subsequently broke oat in another part of the cavity, 
was afterwards filled up with bags ot clav', and large quanthies of loosev^l^ and 
gravel, thus making an artificial bed to the river; and this new-made 
protected from the efiects of the tide, by a raft thirty-five feet square, skirted 
with a tarpaulin, covering, in all, about 8,800 square feet. After a while, this 
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artificial covering having sufficiently settled, the water vlas drawn off by the 
engine, and the workings recommenced : after clearing away all obstructions 
before the shield, that piece of mechanism was found to be quite uninjured. 

This magnificent un(lertakingn»is, however, doomed to a second misfortune, of 
a more disastrous character, which took place in January 1828, and was attended 



■widi&eiamentable tess of six live?. Tlie tide had just began to flow,” says Mr. 
Bjjp!fl,jun., “and finding the ground tolerably qiiiet, we proceeded by begin- 
ing at the top, and hritl worked about a foot downwards, when, on exposino-"the 
ne.Kt six inches, the ground swelled suddenly, and a large quantity burst though 
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the opening thus mtde. This was followed instantly by a large body of water. 
The rush was so violent as to force the man on the spot where the burst took 
place, out of the frame or cell, on to the timber stage behind the frames.” A 
general retreat instantly took place ; hut the agitation of the air, by the rush of 
water, having extinguished all the lights, confusion ensued ; the timber stage 
was thrown over by the torrent, knocking down cinder it several men, and the 
tunnel rapidly filled. Those who could get to the eastern arch elFected their 
escape, while others were carried by the force of the current to the end of the 
shaft. Of eighteen men, besides Mr. Brunei, jun., who were thus placed at the 
mercy of the torrent in utter darkness, six were drowned, and the remainder, 
more or less injured, were taken out of the water for the most part in a state cf 
extreme exhaustion. The foregoing wood tut, which affords a conect represen- 
tation of the lamentable occurrence, is inserted principally on account of its 
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water found entrance ; the’arclied passages delineated in tli^back-ground, repre- 
sent three of the entrances into the eastern arch, which is a parallel tunnel ; 
these arched passages are continued at uniform distances throughout the whole 
length of the work. One of the tunnels was intended for the traffic from the 
north to the south shore of the Tlfames, and the other for the traffic from the 
south to the north, to prevent interruptions ; a flagged foot-path, as well as a 
paved carriage road, being matle in both the east and west tunnels, as shown in 
the cross section of the work in the lower part of the preceding cut, which we 
shall presently explain. 

Such was the deep interest taken by ingenious and scientific men for the pro- 
secution of this tunnel, that soon after the first irruption, Mr. Brunei received, 
(according to report,) no less than 2g0 written plans, which, together with ver- 
bal communications, made altogether 400 proposed remedies for the disaster. 
Amongst these there were some which displayed considerable ingenuity ; and 
the best, accordingTto our information, was the following, which we insert, as the 
application of the principle of its construction may hereafter prove of eminent 
utility in tunnelling under a body of water. The inventor was a Mr. Garvey, 
a 'modeller, and an] active member of the London Mechanics’ Institution, 
and who, we regret to add, fell an early victim to the cholera in 1832. Mr. 
Garvey’s plan, as stated by himself, “ consists in placing at the bottom of the 
river, directly oyer the part undergoing excavation, a large platform or raft, 
with ledges proceeding downwards to fix into the soil, to prevent the water from 
entering the excavation.” 

Tile nature and operation of this wilt be understood by reference to the 
drawing on page 808, where S S represents a section of the tunnel ; K the mud, 
gravel, &c., constituting the bed of the river; AB, the square platform, about twice 
the width of the tunnel, consisting of two layers of planks, crossing each other 
at right angles, and made water and air-tight by a stratum of artificial leather, 
tarpauling, or other elastic waterproof material, between the layers; G G, and 
H H, represent sections of the ledges or rims, which may be made of iron, or 
wood pointed with iron ; the platform must be loaded sufficiently to sink in water. 
F is apipe for the escape of the air while the platform is descending in the water ; 
and E is a pump to draw off the water from under it, when it reaches the bot- 
tom ; c V are sliding valves, to be opened or shut at pleasure, by the cords pass- 
ing over the pulleys m and n it ; the bent pipes i i are for the escape of the 
air or water, from the space between the ledges G and H. When the apparatus 
is put down to the bottom of the river, the water is to be removed from under- 
neath by the pump E, which will produce a very great hydrostatic and pneu- 
matic pressure on its surface, and cause the points of the ledges, G and H, to 
penetrate thebed of the river, and the whole to become firmly fixed in its place. 
The cavity M, which extends of course all round the raft, is made conical, for 
the purpose of compressing the soil between the rims as they are forced down, 
and thus preventing the entrance of the water at the edges. 

When the apparatus is to be moved forward to a new station, the pump E is 
to be converted into a condensing air-pump, by changing the valves ; and air is 
to be forced under the raft till it is disengaged from the bottom, tc/icn it can with 
facility he moved foncard in the water, and sunk as before. 

When the bed of the river is very in-egular and gravelly, it may be necessary 
to dredge it, and put down clay in some parts before the platform is brought to 
its place. 

Having dkcribed that which is stated to have been the best of the 
rejected plans, (as acknowledged by Mr. Brunei to the inventor of it, the late 
Mr. Garvey,^ we shall proceed to notice that which was unfortunately adopted 
in preference. The concavity in the bed of the river, and the hole through 
which the w»ter rushed into the tunnel on the 18th of May, was first filled with 
clay, bags of clay and gravel ; a large flat woodfti raft, ( without ledges,) was 
then sunk over the new'-niade ground, to prevent any sudden displacement of it, 
andl^tWat means alford a full protection to the workmen, when they might 
refWimence excavating underneath. The water, however, found its way under 
the raft, and the powerful engine and pumps were employed for a considerable 
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period without lowering the level of it in tlie limnel. The works were about 
half emptied of the *ivater, when the foixe of the tide raised up one side of the 
raft, threw off the weights which had kept it down, when it floated up to the 
surface of the river. The ground in another part contiguous to the former hole 
now gave way, and the tunnel was again flll^ with water. Fresh quantities of 
clay and bags of clay w'ere then employed to fill up the second hole ; and the 
enlarged dimensions of the former, occasioned b}^ a settling or movement of the 
artificial ground, was also filled up to a level with the natural bed of the river. 
The clay was covered with a stratum of gravel, and this by a large and very 
thick tarpauling, which was kept down by cast-iron kintledge ; another layer 
was thrown over the whole, to keep it as closely together as possible. Although 
this plan has proved an effectual remedy as far as it has been applied, the repetition 
of such remedies, whenever quicksand maj'®be met with, or irruptions formed in 
the future progress of the work, must be attended with a wasteful expense: we 
therefore submit that Mr. Garvey’s plan deserves the preference, as it may he 
shifted from place to place, as the work p'oceeds. 

The lamentable accident which we described was also productive of an 
excellent plan from an eminent member of the London Mechanics’ Institution, 
which consists in introducing, a few yards behind the workmen, flood-gates, so 
constructed, that the lower parts of the gates will be first shut by the water 
issuing in at the place where the work is carried on ; and when the waters rise 
nearly half way up, then to shut the middle parts of the gates ; and when it rises 
near to the top, to shut the top parts of the gates. This arrangement would 
afford all the workmen time, who could reach so far as the flood-gates, to get safe 
out, and prevent the tunnel from being filled with water. This plan would not 
only tend to obviate much of the danger to be apprehended by the workmen, 
but greatly diminish the enormous expense consequent from such an accident. 
The small space between the shield and the flood-gates woidd soon become filled 
with mud and sand," and the bed of the river might then be soon made good 
from above, as then there would be no liability of the materials put down for 
that purpose being loosened, and removed, by the periodical ingress and egress 
of the water during the rise and fall of the tide. The cut on the next page 
exhibits a transverse section of the tunnbl, with the gates, &c. 

Fig. 1 represents a front view of the gates, with those on the right hand 
or eastern arch entiiely closed, those in the other arch having been kept 
open for taking through the clay and building materials, as the excavation 
proceeds. In order to make the plan better understood, the water is repre- 
sented as coming in, which, having just closed the lower pair of gates, is in 
the act of shutting the middle pair, while the upper pair is represented as stand- 
ing open. 

The lower pair of gates are beveled off to an acute angle, which termi- 
nates at the outside of the upper edge ; and to coirespond with this, the dower 
edges of the middle gates are beveled off in a contraiy way, to lap over the 
others, as exhibited in the drawing. From this arrangement, it will be 
perceived that the middle gates will be partly in the water before it runs 
over the lower gates ; and hence, the second gates will be shut as soon as the 
water begins to imi over the first The same arrangement is made with respect 
to the middle and upper gates, except that the upper edges of the latter are 
beveled to an angle on the inside, to fit a contrary bevel on the top of the 
gateway. It may be here observed that none of the flood-gates are made to 
open so far back as to become parallel with the side of the funnel, conse- 
quently they are always in a situation to be acted upon by the water; and, 
that the whole of the gates, as well as the framework in each arch, meet 
in the middle of the arch, as flood-gates on canals do, at such an angle as to 
afford the greatest resistance to the pressure of the fluid. To present the out- 
ward lateral pressure of the sMes of the framing against the brickwork, and the 
injury it might thereby sustain, the opposite sides of the framing in each arch 
are connected by tie-beams, similar to those used in roofing. • ^ 

It will not be necessary to make the whole area of the arch to openJ%S a 
comparatively small opening will be sufficient for conducting the operation of 
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the miners. The opening gates are therefore represented as occupying only 
small portion in the middle of the strong framing which fills up the arch. 
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It will of course Us of tlie greatest importance that the threshold, or cells, 
against which the bottoms of the first gates shut, and for that purpose the por- 
tion of the road-way which passes through the gates, is so balanced and sup- 
ported, that a very small portion of water accumulated under it will disengage 
its supports, and project part of the road-way or platform outside of the gates. 
The threshold may be further secured, if necesaary, by a covering of canvas, 
so attached to the gates as to be rolled off by them in the act of shutting. 

Ihe joinings between the frame and brick-work, as well as the joinings round 
the gates, are made air and water-tight, by triangular packings of leather or 
other soft material, which are drawn into the crevices by a series of screw-bolts 
through to the outside of the gates, where the workmen can, at their leisure, 
screw the packing up after all the gates arefeshut. 

The method of moving the gates forward, and of securing them in their 
places, IS shown in Fig, 2, where t represents a vertical section of a set of flood- 
gates^ ^pported in its place by three pmr of strong beams, represented at s, 
fastened together at r ; the other ends of these beams are attached to the flood- 



gates, three on each side, at a small distance from the edge. The piece r 
rests upon a friction-roller or smaU wheel, and against a powerful screw-iack o, 
which IS supported by the abutment fixed into the bottom of the tunnel, and 
kept m Its place by the vertical beam q. 

When the gates are to be moved forward, the triangular packing round the 
edges of the frame must be released, and moved back, by unscrewiSg the bolts, 
which keep it m its place, and then the gates are forced forward on t^e smooth 
supports, on which they rest, by the screw o; and when they have been moved 
to their assigned place, the screw is returned into its box, and the abutments 
are brought up, and the whole apparatus again properly secured. 

The box represented to the left of the eastern arch is sufficiently capacious 
° P™''ided with two doors, one of which opens 

into the box, and the other into that part of the tunnel which would be full of 
water when the flood-gates are all closed. The use of this box is for a man, 
harnessed m James s diving apparatus, to enter the part filled wkh water, for 
the purpose of exploring and examining the works, and bringing out any thing 
of importance requiring to be removed from the water. The man, having pri? 
vided m his diving apparatus a sufficient supply of air for the time' he ihteiids 
to remain in the water, enters the box, and closes the door; he then, by means 
of a stop-cock, admits the wat^r into the box. when the door betw/en the box 
and the interior can be easily opened to admit him. In coming out he has 

‘^‘’'"‘"““’■cation between tke box^and foe inte- 

This may he repeated as often as occasion may require, with very little 
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escape of water, and with perfect aafetj' to the diver; fot the ingress of the 
water being entirely prevented by the flood-gates, it will be perfectly quiescent 
within them, and no danger is to be apprehended from a change or derange- 
ment of any part of the works taking place during the miner’s inspection. The 
small space between the shield and flood-gates would soon be filled, when all 
would become stationary ; and consequently the principal cause of damage to 
the works, the rushing of a large quantity of water with great violence, would 
be removed. If it should be objected, that the time occupied in filling the space 
between the gates and the shield would be too short to allow the workmen to 
escape ; it may be answered, that very little time would be required for all the 
workmen to get outside, where they would be perfectly safe, and might leisurely 
view the progress of the water in filli*g the space, and closing the gates : besides, 
an irruption of the water, under such circumstances, would be of so little conse- 
quence, that there would be no occasion for detaining the men in attempting to 
stop the torrent, till their lives are in ganger. The water within being perfectly 
still, the bed of the river might be made good, the water pumped out, and the 
work might be going on again, in the course of a day or two after an irruption, 
if checked by such means as are herein described. 

At the period w'e are writing, (February 1835,) the work at the Thames 
tunnel is at a stand. A brick wall has been completed at the further extremity 
of the excavation, which is made water-tight, and the interior of the tunnel is 
as perfect as though no accidents had happened. 

TURF. A mixture of earth with the roots and leaves of plants, partially 
decdmposed ; it is used as fuel in many parts of the countrj’. See Peat. 

TURMERIC, or iNotAx Saffbox. A root brought from the East Indies, 
and employed in making a yellow dye. The colouring matter it yields is very 
abundant, and of great brilliancy of tint ; but it possesses no durability, nor 
have any mordants yet been discovered sufliciently powerful to fix it. Common 
salt and ammonia have been recommended for this purpose; but they are 
found to deepen the colour, and incline it to brown. 

TURNING. The art of giving circular and other forms to solid substances, 
in the fabrication of innumerable articles, by the aid of a machine called a 
lathe. There is perhaps no contrivance with which human ingenuity has aided 
the dexterity of the mechanic more entitled to our admiration than the lathe ; 
.especially when we take into the account all the improvements it has undergone, 
from its simplest and most ancient form in the potter’s wheel, to that adaptation 
of varied and complex mechanism, by which not merely circular turning of the 
most beautiful and accurate description, but exquisite figure- work, and compli- 
cated geometrical designs, depending upon the eccentric and cycloidal 
movements, are daily produced. 

Tlje operation of turning differs very essentially from most others, in the 
circumstance, that the matter operated upon is put in motion by the machine, 
and is w-rought by means of edge tools, presented to it, and held fast ; whilst in 
most others the work is fixed, and the tool put in motion. In ordinary 
turning, the work is made to revolve on a stationary straight line as an axis, 
w'hile an edge tool, set steady to the outside of the substance in a circumvolution 
thereof, cuts off all the parts which lie farthest from the axis, and makes the 
outside of that substance concentric with the axis. In this case, any section of 
the work made at ri.ght angles to the work will be of a circular figure ; but there 
are methods of turning ellipses and various other curves, distinguished by the 
name of engine-turning. 

Lathes are made in a great variety of forms, and put in motion by different 
means : they are called centre lathes where the work is supported at both ends ; 
mandrel,, spindle, or chuck lathes when the work is fixed at the projecting 
extremity ol' a spindle. From different method^ of putting them in motion, 
they are called po/e-lathes, and hand-wheel lathes, or /oof-lathes ; for great 
works tl]^y are turnt^l by horses, and water-wheels, but more generally by steam- 
The lathes used by wood-turners are usually made of wood, in a 
simple form, and are called icrf-lathes ; the same kind will serve for turning 
iron and brass : but the best work in metal is always done in iron-lathes, which 
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are usually made wi^i a triangular bar, and are called Jar-latlies. Small ones, 
for the use of watch-makers, are denominated turn-benches ; but there] is no 
essential distinction between these and the centre lathes, except in regard to 
size, and that they are made in metal insteafi of wood, and the workmanship 
being more accurate and better finished. 

The centre lathe is now very little used but 6y country turners, to make 
articles of household furniture in soft wood, as table-legs, staircase-rails, bed- 
posts, &c. It consists of the following parts : 1st. The bed, which is composed 
of two beams bolted together at a small distance asunder, and parallel to each 
other; it is supported horizontally on legs at the ends, and forms the support of 
the whole ; the groove is the narrow openinj; between the two halves or cliucks 
of the bed, to receive the tenons of the pv^pets, which are two short upright 
posts fastened down upon the bed at any place by means of wedges, driven 
through mortices in the tenons of the puppets beneath the bed ; one of the 
puppets has a. pike or pin of iron fixed int (4 it, and the other one has at the same 
level the centre-screw, working through a nut fastened in the^puppet ; both the 
screw and the pike have sharp points made of steel, and hardened and 
tempered that they may not wear away ; the)- must be exactly opposite, and in 
a line with each other. The piece of wood which is to be turned, suppose, for 
instance, a pole of wood, is supported by its ends between the points of the 
pike and the screw, that it may turn round freely, and the screw is screwed up, 
till it has no shake. The puppets can be placed at any distance asunder, 
according to the length. , 

The rest is a rail or bar, extending from one puppet to the other, for the 
support of the tool ; it lays in hooks projecting from the faces of the puppets ; 
the work is put in motion by means of the treadle, which is worked by the 
turner’s foot ; the string or cat-gut is fastened to the treadle, and passing two or 
three times round the work, it is fastened to the end of an elastic pole, fixed to 
the ceiling over the turner’s head: now as the ti’.rner presses the treadle down 
by his foot, the string turns the work round, and a sharp chisel or gouge, being 
held against the wood upon the rest, will cut the wood to a circular form. 
When he has brought the treadle to the’ ground, he releases the weight of his 
foot, and the elasticity of the pole draws up the treadles, turning the work back 
again ; dui-ing which retrograde motion he withdraws the chisel from the work, 
as it would not cut in this direction through it, and might impede the motion 
of the wood; and the pole is fastened to the ceiling of the room, where the 
lathe is placed by a pin, upon which it can be turned about as a centre, and it 
rests upon a horizontal bar fixed at some distance from the centre : it is placed 
in a position nearly perpendicular to the axis of the work, so that, when it is 
turned upon its centre pin, the string at the other end may be brought over any 
part of the length of the work where it will be most convenient for the turner 
to have the string put round it : in the same manner the end of the treadle is 
placed, with one end over a centre pin in the floor, that its opposite end may be 
moved under the work to the proper place for the string. It is held in 
this position, while moving up and down, by a second treadle, perpendicular 
to the first, which moves in a loose centre on the floor at one end, and the other 
is perforated with a number of holes to receive a pin fixed in the first 
treadle, and thus to confine the treadle to move up and down under any 
place it is set to : the end of the principal treadle is turned in the lathe, and 
made like a pulley, to hold the line or string which is wound ' upon .it, and 
the turner winds the string on or off this end of the treadle, to adjust its 
length to the diameter of the work round which the string passey ; the string 
is fastened to the end of the spring-pole in a similar manner. The workman 
stands, or is seated before his lathe, having one of his feet on the treadle, to 
give the motion ; it must b# very moderate and equal ; he places his tool on 
the rest, and approaches the head of it gently to the piece, perfonning his work 
gradually without leaving any ridges, and when he meets with a knolf hemust 
go on still more gently, otherwise he would be in danger both of splittinllmis 
work, and breaking the edge of his tool. For turning light work, a bow such 
as is used for shooting arrows, is suspended by its middle over the lathe • the 
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string is then tied to the middle of the bow-string instead of the pole, and acts 
in the same manner. The continued rotary motion givi*n by a wheel is so 
much superior for turning to the reciprocating motion of a treadle and string, 
that regular turners seldom make use of the latter : yet the simplicity and 
cheapness of the whole is a great recommendation, especially among country 
workmen, who are not so careful of their time as^ in the towns, wheie 
competition obliges every one* to use the best and quickest means of despatch- 
ing his work. 

The common centre-lathe becomes a powerful machine when worked by 
means of a large wheel, turned by one or more labourers ; the wheel should be 
heavy, that its momentum may be sufficient to overcome any trifling obstacle in 
the work, and the frame in which it is mounted must he of sufficient weight to 
stand steady, and not be liable to m®ve by the exertions of the man turning it. 
An endless line is used to communicate the motion 'of the wheel to the work ; 
it passes i-ound a groove in the circumference of the wheel, and, after 
crossing like a figure of 8, goes rouri^ a small pulley fixed upon the work ; by 
this means, when the great wheel is turned, it gives a rapid rotary motion 
to the matter to he turned, and with a much greater power than can be 
obtained from the treadle, with the additional advantage of the work turning 
always the same way round, so that the turner has no need to take his tool off 
the work ; the small pulley is perforated with a square hole, to receive a square 
made on the end of the work, and the turner has m.vny different pulleys, each 
with a different sized hole through it, to suit work of different diameters ; but 
there is an inconvenience attending this method, for if the four corners of the 
square on which the pulley is fitted be not all equally distant from the centre 
of the work, the pulley will not turn round truly, and the band will be liable to 
slip round upon it. To obviate this, the pulley in the annexed figure is often 




used ; it has a square hole through it to receive the work, and is made to fit upon 
it by means of four screws a a'a a, passing through a part of the wood by the 
side of the pulley, and their point pressing into the work ; in this manner one or 
two pulleys can be made to serve work of any dimensions, and can alwavs be 
set truly upon it ; it has, as shown in the edge view, two dilferent sized grooves, 
in either of which the band may be wo:ked when required 

There is a kind of centre-lathe, which is generally employed by miilwiights 
and iron-founders, in turning heavy metal work, such as the gudgeons of mill- 
shafts, rollers for sugar or rolling-mills, pump-rods, which are to pass through 
stuffing-boxes, or, in short, any work whicli will admit of having both its ends 
supported on centres; it is in many respects similar to that wo have described, 
but is adapted to give a continr.ed rotary motion to the work ; it has legs which 
support it from the floor, and the bed is formed by two parallel beams or cheeks, 
bolted to the legs; one of the legs stand up above the bed to supjiort tlie main, 
or left-hand centre point, instead of having a puppet on purpose. The centre 
pin is fastesed into it, by a nut and screw behind, and upon this pin t .vo wooden 
pulleys are fitted side by side, close to each other, so that they apnear but one ; 
either of these, at pleasure, is caused to turn round by means of an endless strap, 
going round a drum, extending over head or ifhder the floor, and which is 
turned by horses, oi^a steam-engine ; the strap being only the breadth of one of 
th^ulilH’s, will turn hut one of them at a time, but it can easily he shifted 
ffroi one to the oflier at pleasure, and then the other will stand still." The front 
one of these pulleys gives motion to the work. 
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The back puppet is fixed upon the bed of the lathe, by a tenon projecting 
downwards, and entAing the space between the two chucks of the bed ; it is fixed 
at any place, by means of a screw-bolt, which passes dowm through the pujjpet, 
and goes through a piece of iron, which takes its bearing on the under side of the 
bed ; a nut is fitted in this screw, and thereby* the whole puppet can be drawn 
down upon the cheeks so firmly that it will not move by any strain the work 
may occasion : the back puppet has a back centre'screw, which has a steel point 
to support the work. 

The work is turned about in this lathe by means of an iron pin, projecting 
some inches from the flat surface of the front pulley, which, as before mentioned, 
is fitted on the centre point : a piece of iron, called a driver, is screwed upon 
the work near its left hand end, so as to prmect perpendicularly from it, and the 
pin in the pulley intercepts this as it fums,*carrying the work round with it. 

The other pulley, which is fitted on the centre pin, is only of use when the 
lathe is wanted to stand still, in the same manner as the live and dead pulleys 
used in cotton-mills. When the workmaji wishes to put the lathe in motion, 
he presses the handle of his tool, or any other smooth piece of wood, against the 
edge of the endless strap while it is in motion, and pushes it towards the front 
pulley ; in a very short time the strap will get completely on the pulley, and 
shift itself to afresh place on the drum corresponding to the pulley; this causes 
the pulley to turn round, and by the pin pushing round the end of the driver 
screwed on the work, communicates its motion to the work to be turned. When 
he wishes the motion to cease, for the purpose of examining bis work, lie pushes 
the strap back again on to the other pulle}’, which has no communication )^ith 
the work, as it slips freely on the centre pin : the driver is simply an iron ring, 
having a screw tapped through one end of it, to pinch the work so fast as to 
prevent its slipping. 

The side opposite the screw should be angular, that it may fit any sized 
work; this driver may be fixed on either end of the work, while the other is 
turning, but when it is necessary to fix the driver on that part of the work 
which is finished, the end of the screw is apt to pinch and bruise it ; it is 
therefore proper to use a driver composed of two bars of iron screwed together 
by two screws, passing through one bar lapped into the other ; both bars are 
somewhat hollowed out in the middle, that they may encompass the woi'k. If 
this should be found to injure the work, a piece of sheet-lead wrapped round it 
before 'the driver is put on, will prevent the possibility of its damaging the 
work, and if the screws of the driver are drawn very tight, it will carry the 
work about with sufficient force to bear turning. 

The’manner of mounting and giving motion to a piece of work in the centre 
lathe is thus ; — the back puppet is first fastened on the bed of the lathe, at the 
proper length to receive the work ; the workman then places one of its ends 
against the points of the front centre, with the points as near the centre of the 
work as he can guess ; he then brings the centre of the other end of the work 
opposite the point of the centre screw, and screws it up so as to hold the work 
just tight enough to prevent its falling down. In this state by turning it round 
by one hand, while he holds a piece of chalk against it with the other, he finds 
whether it is pitched nearly concentric on the points ; and if it varies much any 
points, he turns back the screw and tries again, observing to shift the centre-point 
nearer towards that side which appears to project farthest in revolving, and there- 
fore gets marked with the chalk. When he has found the true centre, he screws 
up the point so hard that it may mark the end of the work ; then, taking jthe 
work out of the lathe, he punches or drills holes in the end, where the screw 
and centre points have marked, and when the work is returned in/o the lathe 
it will run nearly concentric ; the driver being screwed fast on either end of the 
work as is most convenient, the work will be turned round by tfie pin pro- 
jecting from the pulley as before described. The turning of heavy iron-work, 
for which these lathes are used, is performed by various tools chiefly called 
hooks, hut these will be further described. * » 

The centre lathe will perform any kind of work which cim be turned i!j5n 
centres made in tbe ends of it ; but a great portion of the articles formed in the 
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must have one of their ends'at liberty, to be operattd upon while they are 
turning, as cups, boxes, and all kinds of hollow articles ; these are turned m 
The foot lalhe^ with mandril and collar . — A lathe of this kind serves equally 
well for centre work ; therefore if the professed turner is without a mandril 
one of these constructed in the simplest and most economical manner, and chiefly 
of wood, that the artificer mty be enabled to make it himself, is shown in the 
annexed figure. 


F-xg- 1. 



It is put in motion hy a foot-wheel and treadle, so that the turner has both 
. hands at liberty for directing the tools. A is the bed of the lathe, consisting 
of two beams or cheeks, fixed parallel to each other, and leaving a small space 


Ftg. 2. Fxg. 3. 



between thhm, as shown in Ftg. 2. The bed is supported by three upright legs, 
as shown in the figure ; one of these projects above the bed a suflScient height 
to fbrmjrne of the puppets C, for the support of the extremity of the spindle or 
H^ndriTe E ; the/ither end is support^ in a collar fixed in an iron standard 
puppet B, which is screwed down upon the bed, hy two holts marked 1 1. The 
back puppet D has a tenon which is received through the bed, by which it can 
VOL. II. 5 L 
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be fastened at any plftce ; / is the back centre pin, fitted through the puppet ; 
and ^ is a screw situated behind it, to advance and keep it up to his work. The 
mandril is turned round by a band of cat-gut passing round the pulley c, and 
also round the large foot-wheel G, which is mkde of cast iron, and fixed on the 
end of the axis H ; this is bent as in the figure, to form two cranks, united by two 
iron links to the treadle I, on which the workman presses his foot; this treadle 
is affixed by two short boards to an axis on which the treadle I moves. The 
wheel G is of considerable weight in the rim, and being wedged fast on the axis, 
turns round with it ; it is the momentum of this wheel that continues to turn the 
work while the crank and treadle are rising, and consequently while the work- 
man exerts no power upon them. When the crank has passed the vertical po- 
sition, and begins to descend, he presses hiS'foot upon the treadle, to give the 
wheel a sufficient impetus to continue its motion until it arrives at the same 
position again. 

The length of the iron links, which connect the cranks with the treadle I, 
must be such that when the cranks are at the lowest, the board I of the treadle, 
to which the links are hooked, should hang about two or three inches from the 
floor. The turner gives the wheel a small turn with his hands, till the crank 
rise to the highest, and pass a little beyond it, then by a quick iread he brings 
the cranks down again, putting the wheel in motion with a velocity that will 
carry it several revolutions; he must observe to begin his next tread just when 
the cranks pass the highest point, and then it will continue running the same 
way with a tolerably regular motion, if he is punctual in the time of his treads. 

The rest which supports the tool while it is in the act of turning, is made 
of iron, as shown in Fig. 2 ; it is supported on the bed of the lathe by its foot, 
which is divided by a groove in the manner of a fork, to receive a screw bolt, 
going down through the lathe-bed, and fastening it at any place along it by 
a thumb-nut ; the groove in the foot is for the purpose of allowing the rest to 
be moved to and from the centre of the lathe, to adjust it to the diameter of the 
work which is turning. The height of the rest is of some importance in turn- 
ing ; and for some work it should be fixed higher than others ; therefore the shank 
of the cross piece, or T, upon which the tftol is laid, is received into a socket in 
the foot of F, and can be held at any height by a screw. As the socket is cylin- 
drical, the edge of the rest can be placed inclined to the axis of the work, when 
turning cones, or other similar work ; though the same purpose may be accom- 
plished by the screw which holds the foot of the rest down to the bed of the 
lathe, admitting it to stand in an oblique direction. 

The mandril or spindle is the most important part of the lathe; it is made of 
iron, in the manner shown at Fig. 3 ; but the two extremities arejof steel, which 
are hardened after being turned and finished ; the small end has a hole made in 
it to receive the point of a screw, which, as shown at e. Fig. 1, supports the'end 
of it ; the other end of the mandril is made larger, and has a hole within it, cut 
with a female screw, for the purpose of fixing on the various chucks by which 
the work is turned ; the outside surface of the end is turned extremely true, and 
is fitted in a brass collar at the top of the standard B ; one of the bolts, marked 
t, which fasten the standard down, goes through a stout iron plate, situated be- 
neath tlie bed, passing between the two wooden cheeks. In the top of the 
standard is a square hole, for the reception of two pieces or dies of brass 
which include the mandril between them ; these are kept in their places by 
a piece of iron i, fastened down by screws I I ; and ot is a screw tapped 
through this, which presses the two dies together, and thus adjusts them 
to receive the neck of the mandril without any shake. The screw which 
supporte the other extremity of the mandril fits in two iron or brass nuts, which 
are let into the back and front of the wooden puppet C, and by turnipg this, the 
mandril cm be adjusted to ruft very correctly in length ; to prevent the screw 
from turning back when the lathe is in motion, a nut is placed on the screw 
outside of the puppet, and after the screw is turned by its head to fit and hold 
manffifl, the nut is screwed firmly against the nut which is let into fflife 
of me puppet; this causes such a pressure upon the threads of the 
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screw, that it is in no danger of turning back, as it woul<^ otherwise be liable to 
do with rough work. 

The mandril by this means runs very steady and accurately in its bearings ; 
and it is plain that any piece of work being firmly attached to the end of it, by 
means of the screw before-mentioned, may be turned by a tool held over the 
rest, in the same manner a!i if it was mounted between centres, but with 
the advantage that it be turned at the end, to make hollow work when required. 
The foot-wheel causes the mandril to revolve very rapidly, so that it will 
perform its work very quick, and the workman must acquire a habit of standing 
steady before his work, that he does not give his whole body a motion when his 
foot rises and falls with the treadle I. 

The tools used in turning are nynerous, and for the most very simple ; they 
consist chiefly of chisels and gouges, and hooked toob, with edges differently 
beveled, so as to adapt them to their peculiar objects ; tools with serrated edges 
for cutting solid and hollow screws ; callipers of several kinds, gauges, oil-stone, 
&c. To describe all these things and their peculiar uses, would occupy too large 
a space ; we therefore proceed to notice some of the more important apparatus 
and improvements which have been of late y^ears made in lathes, and with which 
some of our readers are perhaps not yet acquainted. 

A very elegant and useful lathe, especially for amateur turning, was many 
years ago made by Mr. Henry Maudslay, of London. The most important 
feature in this improved turning machine, was the substitution of a triangular or 
prismatic bar, upon which the rest and centre puppet are constructed so as to 
slide, instead of sliding between parallel rectangular cheeks, as in the last we 
described. Since the first introduction of this lathe, (about 30 years since,) the 
triangular bar has been universally applied in lathes of the best kind. Some 
of the appendages introduced with Maudslay’s lathe are particularly deserving 
of attention. 

The first we shall describe is the universal chuck, of which the subjoined 
figure will convey an accurate conception. 

At a is a hollow screw, at the bottom of which 
is another screw, h h, which is prevented 
from moving endwise by a collar in the mid- 
dle of it. One end of the screw is cut right- 
handed and the other left-handed ; so that by 
* turning it one way, the nuts c d will recede 
from each other, or by turning it the contrary 
way, they will advance towards each other. 

These two nuts pass through grooved open- 
ings in the plate e, and project beyond the 
same, carrying jaws like those of a vice, by means of which the substance to be 
turbed is held. 

Another very important and useful appendage to Mr. Maudslay’s lathe, was 
his slide rest, which instrument is now universally employed in the best kind 
of lathes, for turning the faces of wheels, hollow work, and numerous other 
urposes. Since its introduction it has received many valuable modifications, 
t is represented in the subjoined engraving. At « a is a triangular opening 
to receive the triangular bar before mentioned, which is closed against the lower 
surface of the bar by means of clamps and screws, not represented. The tool 
for cutting.is fixed in the two holders h h, by their screws ; these holders are 
fastened by a sliding plate c, which can be moved backward and forward by the 
screw d, causing the tool to advance or recede. When it is necessary, as the 
turning ofr the insides of cones, &c., that the tool should not be parallel to the 
spindle of the lathe, the screw at e, and another similar one behind, must be 
loosed," so^s to allow the circular plate under the box / to turn upon its centre. 
Near the four upper comers of the lower portfon of the rest are small projec- 
tions, two of which g g are seen ; they have inclined sides, and fit into corre- 
SDondiSg angulai;,openings h h ot the upper part of the instmment, which slides 
or rises between the piece » and the base k, in such a way as to prevent any 
other than a vertical motion. When this slide tool is placed on] the bar to bo 
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used, the distance fropi the centre is adjusted by the screw /, which moves the 
slide m in its groove, and all the apparatus upon it ; while by the screw n the 
slide may be moved in a direction perpendicular to the bar, and the projections 
acting in the slits h h, the plate o will be raise^ or lowered as required. 



Such lathes as we have already described, are not well adapted to the turning 
of long rods and cylinders, such as are required in large steam-engines and 
various massive machinery, on account of the necessity of repeatedly shifting 
the rest, and the difficulty of keeping the work perfectly uniform in thickness 
through a considerable length. Engineers therefore facilitate the turning of such 
surfaces by means of another machine called a slide lathe, by which the work 
is performed with great ease and exactness. The principle of this invention 
consists in so constructing and attaching the body or carriage of the rest, that 
instead of being screwed down to one place during the operation of the tooI| 
and requiring to be advanced at intervals' as the work proceeds, it shall slide 
along the surface of the bench in a direction parallel to a line drawn through 
the centre of the spindle. At the same time the tool, instead of being merely 
held upon the rest with the fingers, is firmly fixed in its'proper position by screws, 
so that it can neither be driven off without taking effect, nor yet be drawn by 
its keenness so as to spoil the work. The whole is managed in such a way that, 
as the iron to be turned revolves between the centre points, the rest, with its 
cutter or chisel advances slowly along in a certain direction, so as to produce a 
perfectly level rod. But beside the exactness attainable by this method, there 
is likewise the advantage of economy ; as one man, who would with hard labour 
apply the tool to cne point at once at a common lathe, may easDy attend to, and 
keep in work, two or three slides. 

The degree of velocity] with which the surface of an article being turned, 
ought to pass the edge of the tool so as to be cut by it, differs materially in rela- 
tion to different metals. Cast-iron, in consequence of its open grain, and 
containing as it generally does many impurities, is required to revolve very 
slowly, so as to pass the edge of the cutting tool only at the rate ofaboutlOOfeet'per 
minute ; wrought iron and steel ate usually turned when revolving at a rate of 
about twice as quick ; and brass cuts well when coming in contact with the 
chisel at the rate of about 300 feet per minute. To produce the requisite 
velocity according to the matei^ or size of the work, pulleys of dilterent 
diameters are fastened on the spindle, as already stated ; so that the larger the 
work, the larger the pulley, and vice versH. 

Mr. Ibbetson, an amateur turtjer of great celebrity, and the author of a pretty 
hook on eccentric turning, has made many improvemenU in the mechanism for 
ornamental turning; his eccentric chuck is exhibited in the annexed fiAre. 

a a is a plate of brass of sufficient solidity, on which are fixed two slides of 

Steel h b, by means of screws; the holes which admit the screws are made a 
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the slides are parallel to each other, and is moved between the slides by means of 
a screw working in a slot made in the plate a, and which regulates the 
eccentricity, as it moves the plate d, either nearer to, or farther from, the centre 
of the chuck, e is a circular plate, whose edge is cut into teeth, and which is 
capable of being turned round its centre, and is held in any position by the 
catch g, which falls in between the teeth, and is held in its place by a spring h. 
On the centrp of the wheel e is fixed a screw /, (exhibited by the shadow thrown 
on the wheel,) whose threads correspond with the screw of the mandril of the 
lathe, for the purpose of fixing any chuck, on which is fastened the substance 
to be turned. To this chuck Mr. Ibbetson has adapted a slide-rest, of .a peculiar 
description, as well as his lathe and other appendages thereto, for an explanation 
of which we must refer the reader to his work, entitled Specimens in Eceenlric 
Circular Turning, imth Practical Instructions for pfoducmg corresponding Pieces in 
that Art, published Ijy W etton. Fleet-street. This work is iUustrated by upwards 
of sixty* copper-pkte engravings, and imitations of wood-cuts of a superior 
description ; and it is due to the ingenious author not to omit noticing, that 
they were aU produced in the lathe by himself. In the following page we give a 
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copy of two'of the figures of the simplest combinations of circles, to which, as well 
as to all others, the author has annexed plain practical instructions, so that the 




novice may proceed step by step to produce the same figures by turning the 
screws of the slide-rest and the eccentric chtick through prescribed spaces ; and 
from these simple figures, by similar successive operations, he may proceed to 
the most elaborate and beautiful designs. 


Issin • 








1 : 


We Shan now add a description of Mr W. E. Wightman’s (of Maldon, in 
Yorkshire) excellent lathe, as explained by himself in a perineal jourJial, 
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feeling assured that it may prove of the most eminent service to mechanics, as 
the arrangements are extremely simple and easily understood, and the con- 
struction such as any tolerable workman can accomplish, and avail himself of 
the advantages it offers, at a modhrate cost. 

“ Fig. 1 represents the lathe, with the cutter-frame fixed in the compound 
sliding rest, ready for use. A, the triangular bar on which the machine is 
mounted. B B, two pillars, which support the bar ; the parts b b fix it to the 
lathe-frame. C, the left-hand head ; D, the pulley ; E, the mandril ; e, the 
screw on which the chucks are fixed ; F, the cutter-frame ; y, the cutter ; 
G, two wheels, which give a slow motion to the cutter-frame ; H, the rod 
and handle of the slow motion ; II, two heads or puppets, in which is fixed 
the spindle K, of the cutter-fram*; L, a bar of steel, on which the puppets 
are fixed, and which also fastens the cutter-frauie to the compound sliding rest, 
by passing it through a hole in the tool-frame, as will be seen, on reference to 
the figure, the part g removing for th» purpose ; M, a groove turned on the edge 
of the cutter-frame, for the string N to work on ; O represents the frame for 
double stringing the lathe ; P, a movable pulle}', whereby it may [be fixed per- 
pendicularly over the cutter-frame ; Q, a weight attached to a pulley behind 
the bar, for keeping the string N tight ; R R R, the pulley’s string and weight 
connected with the frame O, for double stringing the lathe ; T, the index to the 
division-plate; S, one of two screws for changing the rectangular position of the 
compound sliding-rest to an oblique. S, JR^s. 2 and 3, represents the slide of 
therfiutter-frame ; and b, Fig. 3, the screw, whereby the slide is moved ; g, the 
screw for fastening the cutter. Fig. 2, is an enlarged view of the cutter-frame, 
when removed from the rest. Fy. 3, represents the face of the cuttei^frame. 
Fig. 4, the back of it, with the wheels of the Land-motion. The letters refer to 
the same parts in all the figures. 

“ This machinery is intended to supersede the use of the eccentric chuck, by 
assuming a more natural and easy method of engraving, by the tool or cutter 
tracing the work, instead of the article doing it, that is to be ornamented. By 
this improvement, the action of the tool is more distinctly seen, than could be, 
by the movement of the chuck, especially after a few circles have been cut; 
for, by their rotation, the eye (particularly of an amateur) is soon fatigued, and 
yet to these inconveniences a turner must continue to submit, if no better 
•method could be contrived. 

“ The principal advantages of the present invention, are the following. At a 
comparatively trifling expense, (to the costly machinery now in use,) a turner 
may be put in possession of an apparatus, which will answer all the purposes of 
eccentric and cycloidal turning, and, which will, at the same time, form a com- 
plete drilling frame. As an apparatus intended to supersede the use of the 
ecceirtric chuck, it combines many advantages, amongst which, three may be 
mentioned that are of importance : — 1st, As all patterns are worked by the 
divisions of the plate on the small wheel of the lathe, a much more extensive 
variety of circles can he obtained, than could be by the divisions of the eccen- 
tric chuck. 2d, By slackening the screws it, in the large slide of the compound 
sliding-rest, a change may be effected from the rectangular position of the cutter- 
frame, to an oblique position ; and, after the proper angle is obtained, (the 
screws being tightened,) the segments of circles can be worked round a centre 
with greater accuracy, than could be by tracing over patterns which I believe is 
the common" method ; while the alteration of my machinery, for such purpose, 
would scarcely occupy a minute of time ; an object which is of no small impor- 
tance for the dispatch of business. 3d, The loss of time in centring the work, 
occasioned by the necessity of removing it from one chuck to another, to receive 
the diffrreat oraaments, (an evil severely felt by turners,) is obviated by my 
improvement ; as also the great difficulty, so ofRn experienced in getting the 
face of the work tojrun true again, after taking it from one chuck to another; 
from thJlr liability to get out of truth by the wearing of the screws in fixing 
them to, and removing them from, the spindle of the lathe ; in W'hich case 
every effort at fine-finishing would be inevitably defeated. 
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“To apply my apparatus for cycloidal turning, the addition of a rod is 
required to connect the cutter-frame with the universal chuck, after it is screwed 
on the spindle of the lathe ; hut which, on account of its connexion, (being a 
bad draughtsman,) I am unable to send. Theifollowing description will. I hope, 
make its construction appear sufficiently intelligible. 




The edge of the plate of the universal chuck, (the mc.chine on 'vi^ich the 
work to be turned and ornamented is fixed, and which is a common appendage 
to all lathes,) I have divided into 144 equal parts, which form a wheel : and 
upon the face of the left-hand head of the lathe is fixed a plate, and a corre- 
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sponding one on tbe side of the rest, through which the ajfis of the rod connect- 
ing the chuck and cutter-frame revolves. Now if upon the rod is fixed a wheel 
of twelve teeth, working on the wheel formed by the edge of the universal chuck ; 
and if upon the other end of the rod is fixed a wheel of the same size and 
number as those which work the cutter-frame, and to work in one of those 
wheels ; then it must be obvious, that, by the chuck revolving once, the wheel of 
twelve would make twelve revolutions, which number would be given to the 
cutter-frame, thereby tracing an accurate circle of twelve cycloids. Again, 
by changing the wheel of twelve to another of proper proportions of 144, a 
number of cycloids would be described equal to that proportion. Then, by 
sliding the connecting-rod out of eea.r, and moving the universal chuck any 
number of teeth forward or backward, the cycloids would beautifully intersect 
each other. 

“ It may, perhaps, be unnecessary to add, that this, and the eccentric appa- 
ratus, must be worked by the hand-motion of the cutter-frame.” (In the 
opposite page are given two specimens of wood-blocks, cut by Mr. Wightman 
in less than four hours.) 

“ To change it into a drilling frame, all that is required, consists in throwing 
all the wheels out of gear, and passing a string over the groove in the cutter- 
frame, to work on a pulley P, which is fixed on the same arbor as the pulley 
used in double-stringing a lathe. Then pass a string, (which should be kept for 
the purpose,) over the last-mentioned pulley, and under the large or fly-wheel 
of lathe ; and after the drill has been fixed in the socket of the cutter-frame, 
and adjusted to run true, or central, the machine will be ready for work. Now 
it must be clear that, by working the treadle of the lathe, as in turning, a rotary 
motion would be given to the cutter-frame ; and after the tool has been ad- 
vanced to the work, then, by moving the large or right angle slide of the rest, 
a straight line would be drilled, of a length in proportion to the movement of 
the slide. Then change the division of the plate on the small wheel of the 
lathe, and if the first line was cut from the centre, then cut the next to the 
centre, and so on till the whole is completed, when a beautiful circle of straight 
lines would be cut from a centre.” 

A very ingenious expanding chuck was invented by Mr. Lewis Gompertz. 
Figs. 1 and 2 represent two perspective views of the chuck ; the fimt, as employed 
• to grasp a piece of wood of large dimensions ; Fig. 2. is an opposite view 



with the jaws coll^sed, to bite a smaller object. Fig. 3 shows one of the 
claws oiejaws separately. The same letters in each figure refer to the same 
parts. The body iJF the chuck a, is cylindrical, and made of hard wood, with a 
screw-thread cut on its periphery. Three longitudinal rectangular grooves h b, 
(only two of which are seen,) are then made throughout its length, slantingly, as 
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shown by the dotted ^ines c c, Uj;. 2. "riie three clamps, d ef, one of which is 
shown entire by Fig, 2, are then fixed in these grooves by their jointed ends g, 

Fig. 2. 



by means of a pin throt^h their centres h, which pass through the solid back 
of the chuck i, and are rivetted to k, the metallic hoop of the same. The cla^pps 
thus feed have a range of motion in the grooves, as represented more clearly 
by Fig, 2 ; the shaded part I shows the clamp in the position, when employed, 
as seen in Fig. 1 ; the same in dotted lines m, as when employed in Fig. 3 ; 


Fig. 3. 



and the angular piece n represents that portion of a triangular pyramid which 
is formed in the centre of the cylinder a, by the slanting cuts before-mentioned.' 
The clamps defaie made strong, steeled, and hardened at the jaws; their 
external ^ges (curved as represented) are filed into grooves or notches, to cor- 
respond with the screw-thre^ on the hard wood cylinder a ; the metallic ring, 
or circular nut o, which is, of course, cut with a screw to fit both the former, 
can therefore be wound over any part of the cylinder, and by that means hold 
down the clamps firmly to the object they grasp. When the ring is situated as 
in Fig.l. the jaws are open to receive a large piece; and when moved round 
towards the back, the ring operates to press down the clamps, owing to the cur- 
vature of their serrated backs. The projection p, on the ring o, is for the con- 
venience of applying any thing to it, to move it round forcibly, afid a hole is 
made through it, for the insertion of a wire. The jaws of the clamps should be 
notched like those of a vice, to obtain a secure hold of the objects placeibetween 
them ; r is the screw, by which the chuck is fixed to the lath?. ^ 

We shall dose the present article by the description of a beautiful invention, 
Iqr Mr. John Anderson, a member of the London Mechanics’ Institution,* to 
whom was awarded, in 1830, the annual prize, •• for the best machine, or im- 
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provement of a machine;” aiid of whom Dr. Birkbeck a public address on 
the distribution of the prizes,) elegantly and justly observed, that he had “ ele- 
vated himself in society, by becoming its benefactor;” that, “ though now a work- 
ing millwright, Mr. Anderson kad evinced a genius that pointed him out for a 
distinguished engineer — probably a Smeaton or a Watt; neither of whom, at his 
age, possessed so much knowledge of algebra, or of geometry, and neither of 
them had then given such decided proofs of genius.” 

After the Doctor had explained the construction and use of the instrument, 
which was an improved slide-rest for lathes, Mr. Anderson gave a practical 
illustration of its utility by turning a convex and a concave roller, which were 
completed with great expedition, and fitted each other with mathematical 
exactness. In this improved sU§e-rest the object proposed, was to turn the 
surfaces of the bodies circular in the longitudinal direction : the curved surface 
in such direction being either convex or concave to the axis of rotation. And 
it was more especialty intended to |pply when the degree of curvature required 
was very small, or, which is the same thing, when the radius of the required 
curve was very great, as, by the present nu^e (rf turning, the greatest difficulty 
is found in such cases. The improved rest is also found to be equally appli- 
cable to the turning of bodies in the form of lenses, whether convex or concave ; 
and in each of these cases the facility of operation, and accuracy of perform- 
ance, is equal to that of the [common slide-rest in turning straight or flat 
surfaces. 

jThe principle of the improvement or circle-turning appendage depends upon 
two geometrical propositions : 1st, that all angles in the same segment of a 
circle are equal ; and 2d, that a straight line of any length, being made to move 
always parallel to itself , with one end touching a circle, the other end will 
describe a circle equal in every respect to the first 

Nowin the improved slide-rest, shown in the annexed figure, the triangle def 



is made to slide against the fixed pins at d and f; whence the' vertex c will 
descriUe a portion of a circle greater or less in diameter, according as the angle 
d ef is made more or less obtuse ; and forth*, the centre of the circle thus 
described, will be |on the one side or the other of a straight line joining d /, 
accordfng as the vertex c of the triangle is on the opposite side. ’ 

The sliding triangle d ef consists of three pieces ; viz, of two sides d c 
and tf, with a slit or opening in each for the pins d and /to slide in; and 
they are tnofrable round a centre at c, by which means they can be m^e to 
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form any angle with |ach other. The third piece, *or baae of the triangle, is the 
connecting-bar ah, by means of which the two sides are held fast in any 
required position. 

The sliding-plate e e is similar to that of" a common slide-rest, and it is 
moved backward or forward by a screw and handle 6, in the same manner. 
Upon this plate, and at right angles to the directi5n in which it moves, a box s 
is made to slide ; within this box there is another sliding piece I, carrying the 
tool or cutter t. The interior sliding-piece I is made to move within the box 
by means of a screw turned by the handle a ; and by this means the cutter t 
can be made to advance or recede, as in a common slide-rest. The sliding-box s 
is connected with, and movable round the centre c, at the vertex of the sliding 
triangle ; and hence if the box s move in •hny direction, the vertex c of the 
triangle must move along with it in the same direction. ' 

Now suppose it were required to turn a body of the form P in the figure. Set 
the sides d c and c f to the proper angl^; then screw the three nuts a c b 
tight, which will retain them in that position. By means of the screw and 
handle a, make the sliding piece and cutter t advance as near the body p as is 
necessary to turn it of the required diameter. Then by the screw and handle b 
move along the sliding-plate e e, which plate will carry along with it the sliding 
piece, carrying the cutter t, the sliding-box s, and the sliding triangle d cf. 
But it will be readily perceived, that as the triangle d c f moves along, the 
vertex c will describe a portion of a circle ; and as the end of the sliding-box s 
is connected with the centre c, the box will move along always parallel to itqplf, 
with that end touching the circle described by the vertex of the triangle. But 
the box », and the sliding-piece carrying the cutter, may be considered as 
forming only one piece, as they always retain the same relative position to each 
other, except when altered by turning the screw and handle a. And hence the 
joint of the cutter t, and centre c, may be considered as the two ends of a 
straight line, which always moves parallel to itself; and as the one end e 
always touches the circle described by the vertex of the sliding triangle, the 
other end will (according to the geometrical proposition,) describe the portion 
of a circle equd to it in every respect; and will thus, by the revolution of the 
body p, turn it of the form required. 

The separate Fig. tv, represents a concave roller, produced by shifting the 
vertex of the triangle, or centre c, to the opposite side of the connecting bar a b. 

TURPENTINE. A transparent resinous juice, flowing either naturally or 
artificially, by making incisions from a variety of unctuous trees, as the larch, 
pine, fir, &c. The essential oil distilled from this resin is called spirit, or oil of 
turpentine. 

TUTEN AG. A name given in India to the* metallic zinc. The Chinese copper 
is also called by this name, which is alloyed with zinc, and forms a very Imrd 
and white metal, but litde disposed to tarnish. 

TYMPAN. The double folding-frame in which the sheet of paper is held to 
receive the impression in printiug. 

TYMPANUM, or Tympam. In Mechanics, a kind of wheel placed round 
an axis, or cylindrical beam, on the top of which are two levers for turning the 
axis, and therewith the weight required. 

TY PE. The metallic letters, and other characters used in printiug. 

TYPOGRAPHY. The art of printing. See Printino. 


u. 


ULTRAMARINE. A beautiful permanent blue pigmqnt; until recently 
obtained from the laph-lazuli, or azure-stone. (See the article AzuRElSroNE, 
where that process is described.) A method of forming ultramarine artificially 
has, however, been recently discovered by M. Gmelin. This gentleman was led 
to consder sulphur as the colouring matter of uitramanne^ Rost as observation 
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made by M. Tasseart, that he had noticed a substance restkibling ultramarine, 
which was found in a furnace used in the manufacture of soda. The following 
is the process by which we are told (in the Annales de Chimie, xsxvii. p. 109,) 
ultramarine may be infallibly prepared. 

Pulverized quartz is to be fused with four times its weight of carbonate of 
soda, the mass dissolved in wa’ter, and then precipitated by muriatic acid : thus 
a hydrate of silica will be formed. A hydrate of alumina is now to be prepared, 
l)y precipitating alum by ammonia. These two earths are to be carefully washed 
with boiling water; the proportion of dry earth in each is then to be ascertained, 
by heating a small quantity and weighing it. The hydrate of silica used by M. 
Gmelin contained 56 per cent, and the hydrate of alumina 3.24 per cent. 

As much hydrate of silica is thetr to be dissolved in a hot solution of caustic 
soda as it will take up, and the quantity determined; then such proportion is 
to be taken as contains 72 parts of an hydrous silica, and a quantity of the hy- 
drate of alumina, equivalent to 70 parts of dry alumina added to it, and the 
whole evaporated together, being continually stirred until it becomes a damp 
powder. 

This combination of silica, alumina, and soda, is the basis of ultramarine, and 
is now to be coloured by a sulphuret of sodium in the following manner. A mix- 
ture of two parts of sulphur with one part of an hydrous carbonate of soda, is to 
be put into a Hessian crucible, covered up, and then gradually raised to a red 
heat, until it is weU fused ; then the mixture is to be thrown, in very small 
quantities at a time, into the midst of the fused mass. As soon as the effer- 
vescence occasioned by the water in one portion has ceased, another portion is 
to be added. Having retained the crucible at a moderate heat for an hour, it is 
to be removed from the fire, and allowed to cool. It now contains ultramarine, 
mixed with excess of sulphuret : the latter may be separated by water. If sul- 
phur is in excess, a moderate beat will dissipate it. If all the parts are not 
equMly coloured, a selection should be made, and then the substance reduced to 
a fine powder. 

This cheap artificial product is equal in brilliancy, clearness, and durability, 
to the mineral ultramarine, for whicfi we paid, a few years ago, as much as 
five guineas an ounce ; and it is now so extensively manufactured as to be capa- 
ble of being substituted for cobalt, from motives of economy. 

• UMBER. A brown coloured earth, prepared as a pigment. See Painting. 
UMBRELLA. A very light portable canopy, of a circular form, framed of 
radiating ribs of whalebone, or other suitable material covered with silk or cloth, 
and supported by a central staff over the heads of persons, to defend them from rain, 
or the scorching of the sun’s rays. These well-known convenient machines 
have received but little improvement in their construction since their introduction 
into this cmmtry from the East, where they have been in use from time imme- 
morial. British manufacturers have, however, by a series of trifling ameliorations, 
contrived to reduce the weight of them considerably ; to give them more elegance 
of form, and a more perfect and durable action, considering their slender 
substance, and the delicate materials of which they are made, than they had 
previously attained: and all these ameliorations have been effected, together 
with a reduction of cost equal to fifty per cent. 

Our readers will have noticed, that in umbrella frames of the usual construc- 
tion, the enjls of the whalebone are connected to the top of the umbrella by 
means of a ring of wire, and that the ends of the stretchers are in like manner 
jointed to the'diding-tube, which is evidently a very unmechanical arrangement, 
however cheap and easy of execution it may be ; for the axes upon which these 
parts turn, instead of being straight lines, are the arcs of a circle, by which the 
friction u so excessive and unequal, as to insure the speedy destruction of these 
essential parts, and an early dismemberment Si the whole machine. In old 
frames, it will Ukewye be noticed that the stretchers are connected to the middle 
of each’Whidebone by pins passing through the latter ; the holes for these pins 
of coiu^e weaken me whalebones exceedingly, and the subsequent wear of these 
parts reduces their thickness so much, that they are frequently breaking; 
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and the repairs reqnlred, from one cause or another, are the source of much in- 
convenience in rainy weather. 

To obviate these defects, each whalebone in Mr. Caney’s patent umbrellas is 
connected to tlie top by separate straight axeS, and in such a manner, that they 
cannot shift tliemselves out of their places ; the^stretchers on the sliding-tube 
are connected in the same way to the sliding-tubes ; and the stretchers are 
jointed to the whalebones witliout perforating the latter, as will be understood 
upon reference to the annexed figures : wherein Fig, 1 shows one of the ends, 
a of the whalebones, h the ferrule on it, with a pin c passing through its jointed 
end. Fig. 2 shows a plan of the brass plate , — d being a plate to which the 




whalebones are jointed; e is the aperture through which the umbrella stick 
passes ; c c denote the pins or axes passing through the joints, and lying im- 
bedded in cavities in the plate, wherein they are confined by the screws 
of the top brass-plate, shown by Fig. 3. The stretchers being jointed to the 
'sliding-tube in the same manner as before mentioned, need no illustration. 
Fig. 4 « is one of the eight radiating whalebones ; h a ferrule made by the 
dmiHing of sheet brass around it, to receive the pin or axis of the stretcher g, 
without impairing the whalebone; and the manner of doing this is shown in the 
transverse section in Fig 5, in which the same letters of reference indicate 
similar parts as are already described. 

The construction of Mr. Deacon’s patent umbrella is in some respects 
similar to Mr. Caney’s. The ends of the ribs in the former have dovetailed 
caps, these dovetails entering recesses or notches in a cap, wherein they are 
confined by a plate, which is screwed down upon the whole. Instead of solid 
sticks, Mr. Deacon makes them of metal, hollow, and covers them with cloth 
varnished over, or with a coating of papier raaehe, impressed witlr ornamental 
designs. These coverings to the metal are intended to prevent the unpleasant 
and destructive effects of oxidation of the metal. , ■ 

A patent was also recently taken out by Mr. J. G. Hancock, of Birmingham, 
for making light elastic rods for umbrellas, wliips, &c., in t^e following manner. 
Willow rods of a suitable length have the pith contained in them Bored out, 
and in its place are put metallic wires or rods. The wooden exteriors are then 
reduced, by planes or other suitable tools, to the required shape ; afterwards, they 
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are coloured and varnished, to give them the appearance of whalebone. One 
end of the rods is capped with metal tips, the other ena has the wires ex- 
tending a little beyond the wooden cases, which are flattened and drilled to 
receive the wires that fasten themsto the handles, and forms the joint on which 
they turn. Numerous other patents have been taken out for improvements in 
umbrellas, chiefly by the Birnifngham manufacturers, for the metallic portion of 
the apparatus, termed the “ furniture,” and the extremely low price at which it 
is manufactured, is a matter of astonishment to those who are unacquainted 
with the facilities of the workshops. 

URANIUM. A metal discovered by Klaproth in 17S9, in the mineral 
called blende. In this, it is in the state of sulphuret. But it likewise 
occurs as an oxide in the green mica, or uranglimmer, and in the uranochre. 
In obtaining it from pech blende, the mineral is reduced to a fine powder, and 
digested in a nitric acid till every thing soluble is taken up. The solution is 
then rendered as neutral as possible by evaporation, and a current of sulphu- 
retted hydrogen gas paSiC d through it as long as any precipitate continues to 
fall. The liquid is filtered and heated, to drive off all traces of sulpBuretted 
hydrogen. *It is now precipitated by caustic ammonia; and the precipitate, after 
being well washed, is digested, while stilt moist, in a rather strong solution of 
carbonate of ammonia. A fine lemon-coloured liquid is obtained, which being 
set aside for a few days, deposits an abundance of fine yellow crystals, in rec- 
tangular prisms. These ci-ystals being exposed to a red heat, give out water, 
carbonate of ammonia, and oxygen gas, and leave a black oxide of uranium, 
which is easily reduced to the metallic state, by passing a current of hydrogen 
gas over it, placed in a glass tube, and heated by a spirit-lamp. Tlie metal 
presents a liver-brown colour, and remains in the state of powder, being inca- 
pable, according to some authors, of reduction by any heat that can be applied 
to it. Dr. Ure, however, informs us that 50 grains, after being ignited, were 
formed into a ball with wax, and exposed in a well closed charcoal crucible to 
the most vehement heat of a porcelain furnace, the intensity of which gave 170“ 
on Wedgewood’s pyrometer. Thus a metallic button was obtained, weighing 
28 grains, of a dark grey colour, hard; firmly cohering, finely grained, of very 
minute pores, and externally glittering: specific gravity, 8.1. A sulphuret of 
uranium has been formed, which has a black colour, and, when rubbed, a 
■metallic lustre. Its capacity for forming alloys with other metals remains un- 
investigated, in consequence of the scarcity of the metal. The oxides of 
uranium are used in painting upon porcelain yielding a fine orange colour in 
the enamelling fire, and a black one in that in which the porcelain itself is baked. 

URN. A vessel of a vase or pitcher-like form. The vessels employed to 
keep water boiling at the tea-table," have thus been called tea-urns, notwith- 
standing every possible deviation has been subsequently made in their figure. 
The construction of ordinary tea-ums are too well known to our readers to re- 
quire elucidation, but we shall here present to their notice one that possesses 
some claims to novelty, which must, however, be regarded rather as an elegant 
article of luxury, than one of great utility. This is Sharp's patent tea-urn, com- 
bined with a tea-pot in one vessel. 

The engraving on page 832 represents a vertical section : a is the ordinary urn 
or vessel that holds the water ; b the red-hot heater in its case ; below the bottom 
of the case, the tube is prolonged so as to form a small chamber underneath, 
which is perforated at its sides with minute holes, through which the water 
passes by a tube d into the vessel/, when the valve (shown in the figure as 
closed) is opened by turnuig the lever e. The infusion is represented by the 
unbroken straight hues at /, and the tea leaves by dark looking masses, lie 
upon a grating or perforated hottom, through which passes clear to the lowest 
chamber g, from whence it is drawn oti' as wapted, by a tube and cock, seen 
only in section at A.. The plain water is drawn from the vessel a by mems of 
the long*tnbe k (winch passes directly through the tea chamber) and a cock at 
I, also viewed only Tn section. It should now be observed that both the cocks 
A and I are inclosed in one tube or case, but they are united externally into 
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one, but provided with two lever handles,.the handle on the left applying to 
the tea.-cock, and that on the right to the water-cock. 

It is a common remark, that tea made from the water in an um is 
never so good as that supplied Erectly from a tea-kettle, on account of the 
difficulty of keeping the water boiling in the um. To remedy this defect, we 



submit to tea-urn makers a different arrangement Let the vessel be placed^' 
above the water vessel, (not in it) and the metallic supports which connect the 
two vessels would conduct sufficient heat to keep the infusion at a proper 
temperature. Underneath the water-vessel bum a small spirit-lamp, instead of 
inserting the red-hot heater, which is a very inconvenient, and by no means an 
economical mode of heating. 


V. 

VACUUM. A space devoid of all matter. See Air-Pump, SiEAM-EifoiNK, 
aijfl Gas-Engine. 

y ALVE. A cover or stop to an aperture, to control or direct the course of 
fiuids. They ^e usually contrived so as to ^ readily opened by a small force 
acting on one side, and to be perfectly closed by 'a force when acting on the 
opposite side; and thus either admit the entrance of a fluid into a tube or vessel, 
and prevent its return ; or else permit die fluid to escape, and prevent its rc- 
entrance. 

Valves are members of the utmost importance to steam-engines, pumps, and 
a variety of pneumatic, hydratilic, and hydrostatic machine; and they are 
constructed in a great variety of forms, to adapt them t% their several uses. 
Cocks employed for drawing off liquids are strictly val^s ; but thi# class of 
valves we have described under their usual distinctive dime. (See Cocis.) 
Kumeroiis valves have been described in differwt part? of this' work under 
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the above-mentioned subjects, we shall therefore notice in this place several 
varieties which have not been elsewhere specified. 

Throttle-valves usually consist? of a thin disc, or circular plate of metal 
which entirely crosses the area of the steam-pipe, when closed, being sup- 
potted by an axis or spindle, which passes diame- 
trically through, or across it, and into the sides of 
the pipe. This spindle is either operated upon by 
the governor of the engine, or by hand, setting it 
open to such an extent as to intercept more or less 
of the steam in its passage to the engine. 

FieldM Regulating Valve, is a contrivance intro- 
duced by Mr. Joshua Field, of the firm of Maudslay 
and Co. ; the object of which is to regulate the sup- 
ply of the steam in a superior manner to the throttle-valve last described. “ It 
consists,” says Mr. Tredgold, “ of a valve, placed in the situation usually assigned 
to the throttle-valve, that is, near to the place where the steam is admitted to 
the cylinder. This valve is to be opened at once, at the commencement of the 
stroke, so as to afiford full passage to the steam, and shut at once, after a certain 
part of the stroke is made, that the rest of it may be completed by the power of 
the steam.” Thus, by causing the valve to be shut sooner or later during the 
stroke, the power of the engine may be regulated. 

One of the earliest and simplest contrivances for completely reversing the 
direttion or course of steam, water, or other fluids, is the four- way cock. It was 
adopted by Leopold, upwards of a hundred years ago, and has been subse- 
quently applied in very numerous instances ; particularly by Mr. Trevithick, 
in bis locomotive high-pressure engines, and by most of the locomotionists of the 
present day. The annexed cut exhibits a vertical section 
of a four-way cock, considered as applied to a steam- 
engine : at o is represented the communication with the 
steam-pipe from the boiler ; b, the passage to the upper 
side of the pistqp ; c, the passage to the lower side of 
the piston ; and d, the passage to the condenser. In the 
position represented, the steam is entering the upper 
part of the cylinder, and the lower part is open to the 
condenser ; but if the plug, or central movable portion 
of the cock be moved one quarter of a revolution in either 
direction, then the steam is opened to the lower part of 
the cylinder, and the upper part is open to the con- 
denser. • 

The D slide-valve is another invention of great simplicity, and has been much 
used* for opening and changing the communications with the steam cylinder. 

In the annexed vertical section, a is the 
steam-box, into which steam is admitted 
by the passage h. This box is bolted to a 
pipe, divided into three compartments ; viz. 
d, a passage leading to the upper side of the 
piston ; c, a similar passage to the under 
side of the piston ; and/, a passage to the 
condenser. The apertures of this passage 
are faced with brass, and the space between 
each opening it is essentially necessary 
should not be less than each opening ; g is 
a block of metal with a cross cast into it, 
equal in length to two of the apertures 
and the space^between them ; the block is 
generally faced with brass, and grooved 
upon the pipe, so as to slide over it steam- 
* tight; it is moved by a rod, which passes 

through a stufling-box k. In this position of the slide, the steam would pass 
through d to the top of the piston, whilst the steam beneath the piston would 
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pass through e, to the eduction -passage/. On raising the slide, d becomes open 
to the eduction-passage, and e to the steam. 

The D slide, and the four-way cock, howevlr, equally possess a great defect, 
that of wasting the steam that fills the passages o^ the movable portion of the 



steam mechanidans, devised 
‘l>e waste of steam was nearly 
obviated. The mvention of Mr, Murray m 1789, for the same purpose, ranks 
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very high in our estimation, being attended with less Mctiou than the others ; 
we accordingly give it insertion in this place. 

o in the foregoing figure, is the pipe conveying steam from the boiler, and 
delivering it into the descending pipe p, winch terminates in the valve q, 
opening to the lower part of the cylinder, by the side opening, marked as a 
shaded parallelogram, while the valve r opens a similar communication with the 
upper part of tlie cylinder; so that, by the successive opening and shutting of q 
and r, steam is admitted above and below the piston, s is the lower end of the 
eduction-pipe, joining on to the condenser, and this pipe opens first to the lower 
part of the cylinder by the valve t, and leads also by a perpendicular continu- 
ation of the same pipe », to a valve a, by which a connexion is formed with 
the upper part of the cylinder, yhe two Mertures into the cylinder, called 
nozzles, are therefore common both to the amnission of steam and the forma- 
tion of a vacuum, which is regulated simply by the working of the valves. For 
as the figure now stands, r is the only open valve in the steam-pipe ; consequently 
steam would enter above the piston fb depress it, while a vacuum would exist be- 
low it, on account of the valve t being open to the condenser. As soon as the 
piston reaches the bottom of the cylinder, the valves r and t must be shut, and 
u and q opened ; when the steam, being no longer able to get through r, would 
pass down the pipe p, and enter the lower part of the cylinder through q. Mean- 
time u being opened to the condenser by &e pipe v, would cause the necessary 
vacuum above the piston to permit its ascent, which being completed, the valves 
must be again put into the position shown in the figure, to pr^uce its descent, 
and so on. It will be sufiScient to state that those valves are operated upon either 
by levers, passing in a steam-tight manner through the side pipes, or that some- 
times the spindles of the valves are made to act one through the other, in 
stufiing, as in the present instance, when they are worked by external applica- 
tions. 

By this most ingenious contrivance no waste of steam arises, excepting in the 
small aperture between the valves ; and the friction is obviously much less than 
in either slides, cocks, or perhaps any other kind of valve ; the only resistance 
to their motion being the pressure upon the upper side by the steam, when in 
their seats. Their cost, compared to slide-valves, is much greater ; but as they 
are not liable to material wear, and work with great accuracy, the extra ex- 
pense does not prevent their very general adoption in large engines. 

Having thus briefly noticed a very important class of valves, we proceed to 
describe another kin^ which have even stronger claims upon our attention, as 
will be immediately acknowledged by naming them. 

Safety-valves; these are well-fitted covers or stops to apertures made in the 
upper part of a boiler, and loaded tj such a degree only as the steam will over- 
come when it exceeds the required pressure. The contrivance, in nearly its usual 
form, (the steelyard,) was invented by Dr. Papin, in 1684, as an appendage to his 
apparatus for dissolving bones by steam at h^h pressure ; but the first applica- 
tion of it to the steam-engine was by Savery. It received some improvement 
by Beighton in 1718, since whose time the same form continues to be used, as 
will be recognised in numerous steam apparatuses in various parts of this work. 
Mr. Tredgold, in his able work on the steam-engine, observes, that it would be 
a great improvement upon safety-valves, if they could be so constructed as to be 
reUeved of a part of their load, when raised from their seat. With the view of 
effecting this object in the simplest possible way, we suggested many years ago, 
(see Register of Arts, SfC. for January, 1829) the employment of a bent lever, in- 
stead of the straight one in common use, the action of which will be understood 
by reference to the subjoined diagram, wherein is also represented some other 
modifications of the safety-valve, which it is presumed are worthy the consider- 
ation ofitbe practical man. 

a represents an aperture in the upper part oLa boiler ; over this aperture is 
fitted a short tube b, turned true at the top wm a round edge, so that a steel 
plate c,sflat and snftoth on its under side, may touch at every part ; this steel 
plate is suspende(> by a joint, to a curved lever d, whose fulcrum is at e, and 
which is loaded at the other end with a weight of 10 pounds. Now, as the 
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lever has a power offfive, (as shown by the five equal dotted spaces,) the plate 
c is pressed down upon the edge of b, with a foice of 50 pounds; but when the 
lever and weight are raised, by the pressure of the steam, into the position 
shown by the dots, the force acting against tht steam is reduced to 40 pounds ; 



and, in proportion to the force of the rush of the steam, by which the lever 
would be raised higher and higher, would the resistance be reduced to 30, 20, 
&c. as marked. lUs valve might be enclosed as usual, in a box, with a pipe 
to conduct off the waste steam. ^ 

The subjoined diagram is explanatory of another mode of producing a similar 
result, but by different means ; a is the aperture in the boiler, on which is fixed 



a gun-metal plate or valve seat ; 6 is a steel cup-valve, turned rounding at the 
edges, resting on the seat, and suspended to a straight lever c, whose fulcrum 
is at d. At e, is the weight suspended to the axle of a little wheel, which is 
made to traverse freely the upper side of the lever e, but whereon its range 
may be limited by means of a sliding stop f, provided with a set screw, g is 
the valve box, and A a pipe to carry off the waste steam. It will noyr be obvious 
that when the steam lifts the valve, the load on the lever will move towards the 
fulcrum to any extent desired, and thus the boiler may be relieved it) proportion 
to the exigency of the case, sit scarcely need be remarked, that our reason for 
making the vdves with edges pressing upon flat surfaces, was to prevent tl.e 
possifaihty of their sticking in their seats ; which, with thd conical plwg-valves, 
** occurrence, and one that has been productive 6f serious accidents, 

the safety-valves employed by Woolf, are calculated to prevent adhesion to 
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Fig. 1. 



Fig. 2. 


2;d i fiit as^a soUd cy Jder with a P’^i 

tudinal grooves, as shown at a« a, reduce the to 

the %ur? represented. The plug thus made, fits easily into 
the ?perture of the boiler, ‘and the stearn which fills the 

groove, pressing against the under surface of the head, raises 

Ae plug Ld es^pes. The plug is ^ 'tn 

suspended to it inside the boiler, by weights laid direcUy upon 
the toD or bv tbe agency of a loaded lever. 

InTletter^o the'ediJr of the Leeds 
min Hicks, of the steam-engme #ipufactory Bolton, m 
Lancashire says, “ I am induced, m order to prevent to 
accidents oJicasioned by the bursting of 
are of such frequent occurrence. 
their consequences, to send to you the 

lZe.tl iraStirshall’take place, it would scarcely be possible for an acci- 
“ ‘ P-tof t’te box, which is fixed on the boiler-top 

oi, if morSnient. on any^t of a pip« 

it reauires to be of such a size, as to allow a free discharge of all the steam toe 
boSca^ble of generating.’ This opening is covered with a spherical valve. 




fthe outer part of which is brass, filled with lead,) of such a size, and conse 
LenflyweFght, as to press with as many pounds per ^uare moh, as it is 
mtended thf strength of the steam, at a maximum, in the boiler, shodd ever be 
rS to • the obvious effect of which will be {outng to its bemg perfectly free 
from fricUm,') that, at the very instant the steam arrives at that degree of pres- 
4re,'Ae ball wiU be raised, and a discharge instantly take place The pro- 
jections are merely to prevent the baU at any time from falling off ^eo‘- 
■’ “ From' the nature of its construction, requirmg no packmg or attenUon, it can 
be entirely secured from the interference of careless attendants, and a pipe may 
be attached to the branch of the box, and continued into the chimney, or any 
^dircorenient place of discharge. I should -t recommend this valve to be 
uaed«es a substitute for the ordinary safety-valve, (improperly so called,) but m 
all cases in addition, and so loaded, as only tg be brought into action at a ve^ 
trifling addition j pressure above that, to which the other valve is weighted. 
Thiswalve woulfbe found of the greatest advantage, in preventing the boiling 
over of the feeihpipcs of boilers, when the rooms over them are used as drying- 
stoves in print-works, bleach-works, &c. 
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“ I ought to state that I have had this description of valve in use for upwards 
of four years, withtne greatest regularity of action.” 

Another valve, of a very peculiar description, and especially adapted to afford 
security against explosion in large boilers, was invented by Mr. Sockl, of Lam- 
beth, who received an honorary reward from the Society of Arts, for the com- 
munication of the invention. It is represented in^the subjoined cut. 



Instead of the lid which covers the main hole, a copper plate or dbh is to be 
substituted, as shown in the darkened part of a^ve ^ure : this copper dish is 
surrounded by a ring of the same metal, by which the plate is firmly screwed down 
upon the rim of the main hole. In the middle of the plate is fixed the valve, of which 
/ is the collar, made of iron or brass ; d the plug, which is ground air-tight into 
the collar, and is kept in its place by the spi^ spring which surrounds its stem, 
and the stay c ; over the whole is fixed a cross-piece a, which is firmly screwed 
down upon the ring that secures the dish. In the cross-piece, works the 
regulating screw e, which may be screwed down upon the head of the plug. 

The operation of the valve is easy to understand. The copper dish is owy about 
one-fourth the thickness of the other parts of the boiler, and will not therefore 
afford the same resistance to the steam : when this, therefore, gets heyond the 
ordinary pressure, it will cause the dish to become somewhat convex, and will 
thus leave a clear space between the collar /, and the conical plug d, for the 
steam to escape ; as soon as the power diminishes, the plate will, by its elasticity, 
return to its former place, and by closing down upon the plug, prevent any 
further escape of steam. 

The object of this valve is not so much to regulate the working pressure of 
the steam, as to act in aid of the common valve, by affording an additional 
aperture, in case the steam should acquire a dangerous degree of force. It 
differs from the plug-valves in common use, in this circumstance, namely, that 
in the latter, the plug rises out of its socket, in order to allow of a vent for the 
steam, whereas in Mr. Sockl’s, the socket risps away from the plug. The chief 
advantage resulting from thb is, that if any adhesion should 
have taken place between the plug and the socket, it is more 
likely to be overcome, on account of the great surface of the 
socket with its attached copper plate, which is exposed to 
the action of the steam. 

A substitute for the common ball-cock, used for regulating 
the height of liquids in reservoirs, has been introduced by 
Mr. Darnall, of Pentonville, the construction of which is 
exhibited in the annexed section ; a is the supply pipe, h the 
valve, (shut,} c a float connected to the valve by an upright 
^indle. As the water is drawn offj the float descends from 
its seat into the chamber beneath, allowing the water to pour 
through the apertures shown, into^the reservoir ; the floett, as 
it rises again with the water in the reservoir, closes the valve, 
and shuts off the supply of water, when it has attained its 
proper elevation. 

We shall here close the article upon valves, referring the 
reader to the machinery before mentioned for further eluci^ 
dations, 'and likewise to the article WATEa-CtosET, which'* 
mainly consists of valves of a very ingenious construction. 
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VANADIUM. A newly discovered metal by M. Sefitrom. It has been 
briefly described in a letter from M. Berzelius to M. Dulong, from which the 
following is an extract ; — “ M. Sefstrom, director of the School of Mines at Fah- 
lun, whilst engaged in examining a variety of iron, remarkable for its extreme 
softness, observ^ the presenfie of a substance, the properties of which differed 
from all other known bodies, but its quantity was so small as would have ren- 
dered it tedious and expensive to collect sufficient for a correct examination of 
its properties. This iron was from the mine of Taberg, in Smoland ; the ore 
mwrely contained sources of the substance. Finding that the pig iron contained 
far more of this principle than the wrought iron, M. Sefstrom thought that 
the scoris formed during the coniatrsion of the pig iron into wrought metal 
might be a more abundant source ; a conjecture confirmed by experience ; so 
that sufficient having been procured, he went to M. Berzelius to complete its 
examination.” 

Vanadium combines with osygSa to form an oxide and an acid. The 
acid is red, pulverent, fusible, and on solidifying becomes crystalline. It is 
slightly Soluble in water, reddens litmus, and forms yellow neutral salts, and 
orange Insalts. Its combinations with acids or bases have the singular property 
of suddenly losing their colour ; they resume it only on becoming solid again, 
and being then re-dissolved, preserve their colour. Hydrogen at a white heat, 
reduces vanadic acid, leaving a coherent mass, having a feeble metallic lustre, 
and being a good conductor of electricity, but it is not certain that the reduction 
is Complete. The oxide of vanadium is brown, or nearly black, and dissolves 
readily in acids. The salts are of a deep brown colour, but by the addition of 
a little nitric acid, effervesce and become of a fine blue colour. The oxide 
and acid of this metal together produce other comhinations, green, yellow, and 
red, all soluble in water. 

A^en the oxide of vanadium is produced in the humid way, it is soluble both 
in water and alkalies. The presence of a salt renders it insoluble, and upon 
this effect may be founded a process for its preparation. Before the blow- 
pipe, vanadium colours fluxes of a fipe green, in this respect resembling chrome. 

VAPOUR, from the circumstances of its formation, may be considered to 
consist of extremely minute vesicles of water or other fluid, inflated with air. 
See Steam, Alcohol, &c. 

VAPOUR-BATH. A closet or room, in which a person exposes his body 
to the action of vapour introduced by a pipe from a bouer. See Bath. 

VARNISH. A solution of resinous matter, which, laid upon the surface of 
solid bodies, becomes hard, glossy, impervious to moisture, and gives beauty 
and durability to them. Under, the several heads of Lac, Cofal, Mastic, 
Caoutchouc, and other resins, we have described tbe process of preparing var- 
nifbes from them ; we shall therefore in this place take a general, but concise 
view of the subject The solvents are either expressed or essential oils, as also 
alcohol. For a lac-varnish of the first kind, the common painter’s varnish is 
to be united by gently boiling it with some more mastich or colophony, and 
then diluted again with a little more oil of turpentine. The latter addition pro- 
motes both the glossy appearance and drying of the varnish ; of this sort is also 
amber varnisb. To make this varnish, half a pound of amber is kept over a 
genfle fire in a covered iron pot, in the lid of which there is a small hole, till it 
is observed to become soft, and to be melted together into one mass. As soon 
as this is ^rceived, the vessel is taken from off the fire, and suffered to cool a 
little ; when a pound of good painter’s varnish is added to it, and the whole 
sufi'ered \p boil up again over the fire, keeping it continually stirring. After 
this it is again removed from the fire ; and when it is become somewhat cool, 
a poiltadtof oil of tdrpenflne is to be g^ually mixed with it Should the varnish 
when it is cool happen to be yet too thick, it may be attenuated with more oil of 
turpentine. Thia varnish has always a dark brown colour, because the amber 
is pre^ously half burned in this operation ; but if it be required of a bright colour 
amber powder must be dissolved in transparent painter’s varnish, in Papin’s 
machine, by a gentle fire. 
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As an instance of (he second sort of lac-ramishes with ethereal oils alone, 
may be adduced the varnish made with oil of turpentine. For making this, 
mastich alone is dissolved in oil of turpentine hy a very gentle digesting heat, 
in close glass vessels. This is is the varnish used for the modem transparencies 
employed as window-blinds, fire-screens, and for ftther pnrposess. These are 
commonly prints, coloured on both sides, and afterwards coated with this var- 
nish on those parts that are intended to be transparent. Sometimes fine thin 
calico, or Irish linen, is used for this purpose; but it requires to be primed with 
a solution of isinglass before the colour is laid on. Copal may also be dissolved 
in genuine Chio turpentine, according to Mr. Sheldrake, by adding it in powder 
to the turpentine previously melted, and stuping till the whole is fused. See 
CoPAt. 

A varnish of the consistence of thin turpentine is obtained for aerostatic 
machines, by the digestion of one part of elastic-gum, or caoutchouc, cut into 
small pieces, in thirty-two parts of rectified’oil of turpentine. Previously to its 
being used, however, it must be passed through a linen cloth, in order that the 
undissolved parts may be left behind. See Caoutchouc. < 

The third sort of lac-varnishes consists in the spirit-varnish. The most solid 
resins yield the most durable varnishes ; but a varnish must never be expected 
to be harder than the resin naturally is of which it is made. But the most solid 
resins by themselves produce brittle varnishes ; therefore something of a softer 
substance must always be mixed with them, whereby this brittleness is dimi- 
nished. For this purpose gum-elemi, turpentine, or balsam of copaiva Sre 
employed in proper proportions. 

The celebrated “ French polish” is effected by a spirit-varnish, treated in a 
peculiar way. The following mode of preparing and using it may be relied upon 
as genuine, being extracted from that very accurate French work, the DicHon- 
naire Technologique. The varnish is composed of 

Gum Sandarach 14 oz. & 2 drachms. 

Gum Mastic in drops 7 „ 1 „ 

Shell-lac (the yellower the better^ .14 „ 2 „ 

Alcohol, of 0.8295* spe. gra. ... 3 quarts Sr 1 pint 

The resinous gums are to be pounded, and their solution efiected by continued 
agitation, without the aid of beat. When the woods to be varnished are very ^ 
porous, 7 ounces and 1 drachm of Venice turpentine. In order the better to 
divide the resins, and to cause them to present a greater surface to the action of 
the alcohol, they should be mixed with an equal weight of ground glass ; the 
latter preventing the dust of the resin from forming clots, the solution is thus 
easier made, and in less time. Before applyipg the varnbh, the wood should be 
made to imbibe a little linseed oil; it must then be rubbed with old flannel, in 
order to remove the excess of oil ; blotting paper may be used for the same 
purpose, or finely-sifted saw-dust. Afterwards the varnish should be applied, 
by saturating with it a piece of old soft coarse linen cloth, many times folded 
into a sort of cushion, and rubbing it softly on the wood, turning the linen from 
time to time until it appears nearly dry. The linen should be saturated afresh 
with varnish, and the rubbing be continued in the same manner, until the pores 
of the wood are completely filled. Care should be taken not to make the linen 
too wet, nor to rub too hard, especially at the beginning of the operation. When 
the varnish sticks, or becomes tacky, a very sm^ drop of olive oil is to be ap- 
plied with the end of a finger, uniformly il over the cushion. The finishing 
is efiected by pouring a little pure alcohol upon a piece of clean linen, which is 
lightly rubbed over the varnished wood ; and as the linen and the vanish dry, 
the wood is rubbed more briskly, until it takes a beautiful polish like a looking- 
glass. Two or three coatings of varnish are sufScient for woods ,n<rt very 
porous. c 

A fine colourless varnish may be obtained, by dissolviim eight ounces of 
gnm-sandarach and two ounces of Venice turpentine in thirty-two ounces of 
alcohol by a gentle heat. Five ounces of shell-lac and one df turpentine, dis- 
solved in thnty-two ounces of alcohol by a very gentle heat, give a harder 
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varnish, but of a redilisii cast. To tliese the soliitiou of copal^is undouhtedlv pvefti - 
able in many respects. 'J'his is efi'ected by triturating an ounce of powder of gimi- 
copal, which has been wel! driedjjy a gentle heat, witli a drachm of camphor, and, 
while these are mixing together, adding by degrees four ounces of the strongest al- 
cohol, without any digestion.* Between this and the gold varnish there is only this 
difference, that some substances that communicate a yellow tinge are to bo 
added to the latter. 

Oil-varnishes are commonly mixed immediately with the colours, but lac or 
lacquer-varnishes are laid on by themselves upon a burnished coloured ground : 
when they are intended to be laid upon naked wood, a ground should be first 
given them of strong size, either ^loiie, or with some earthy colour mixed up 
with it by levigation. The gold lacquer is simply rubbed over brass, tin, or 
•silver, to give them a gold colour. (See Lacquer.) The coloured resins or gums, 
such as gamboge, dragon’s-blood, &c., are nsed to colour varnishes. 

The essential varnishes consist iirti solution of resin in oil of turpentine. The 
varnish being applied, the essential oil flies offj and leaves the resin. This is 
used only for paintings. 

Before a resin is dissolved in a fixed oil, it is necessary to render the oil drying. 
For this purpose the oil is boiled with metallic oxides, in which operation the 
mucilage of the oil combines with the metal, while the oil itself unites with the 
oxygen of the oxide. To accelerate the drying of this varnish, it is necessary to 
add oil of turpentine. When resins are dissolved in alcohol, the varnish dries 
vary speedily, and is subject to crack ; hut this fault is corrected by addino- a 
small quantity of turpentine to the mixture, which renders it brighter, and less 
brittle when dry. 

VELVET. A rich kind of silk or cotton cloth. See Weaving. 

VENEERING. The art of fixing, in a firm and durable manner, very thin 
leaves of a fine or superior w'ood, over a coarse or inferior wood ; so as to give 
the latter the ap^arance of a solid mass of the former. The thin leaves are 
called veneers, affl are cut from the logs by fine saws, now usually worked by 
machinery. See Sawing-Machinery. 

Inlaid work is effected by veneers’cut into suitable pieces, for the purposes. 
The thickness of veneers is from a tenth to a twelfth part of an inch. When 
the dimensions of these have been nicely adjusted to the work in hand, they are 
glued down ; and, that the work may be solid, they are put into a press made for 
the purpose, or are held down by planks and poles, abutting against the beams 
of the workshop. When the glue is thoroughly dry, the work is taken from 
the presses, and finished by smoothing-planes, scrapers, fish-skin, &c., and 
afterwards polished by shave-grass ^ud brushing, waxing, varnishing, &c., accord- 
ing as it may be required. 

VENTILATION. The act of renovating the air of chambers, houses, ships, 
and all kinds of buildings or places. We may exist for several days without 
food, but we die, if deprived only for a few minutes of air. As air is necessary 
to life, so is pure air to health. But it appears that this important fact escapes 
the attention of the greater part of mankind, who are prone to blame the cook 
or the purveyor for the greater part of their ailments, without reflecting upon 
the impure air they may have been inspiring at the rate of about two gallons 
per minute. The oxygen gas, or vital portion of the atmosphere that enters the 
lungs, is changed at each respiration into carbonic acid gas. This gas, as is well 
known, is poisonous, if inspired alone, or even if a large proportion of it be 
mixed with the atmospheric air. But by an admirable provision of the great 
Author of Nature, tliis contaminated air is rendered specifically lighter than the 
pure atmosphere, from the heat it has derived from the lungs, and consequently 
rises above our heads, during the short pause between our respiiatioiis ; thus in- 
suring to us always a pure draught of air, i^less we prevent it by artificial 
means. 

It if*not, howe^r, always owing to a deficiency of oxygen, that the air of 
rooms or crowde(> places becomes pernicious to health. A council of health 
established by the French government, proved that in an atmosphere which had 
not lost one-twentieth part of its oxygen, an animal miasmata was diffused in 

vot. ii. 5 o 
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vapoun: ; that by sni'pending, in such atmospheres, a glass vessel filled with ice, 
the vapour diffiised in the air becomes condensed on its surface, and the liquid 
thus obtained by condensation, being collected in another vessel suspended 
underneath the former, exhales a fetid odour, and speedily imdergoes the putrid 
fermentation, when exposed to a temperature of 79° Fahr. 

Certain gaseous and other vapours may be mixed with the air we breathe, 
without producing any very marked inconvenience ; but the efiects of a mixture 
of many other kinds are highly dangerous, and more quick in their action than 
even those of animal miasmata. A constant renewal of the air is absolutely 
necessarj’ for its purity ; for in all situations, it is suffering either by its vital 
part being absorbed, or by impure vapoury being disengaged and dispersed 
through it. Ventilation therefore resolves itself into the securing a constant 
supply of fresh air. Rooms cannot be well ventilated, that have no outlet for 
the air, and this, from the superior levity of foul air, should be made at the 
highest point that can be obtained, and a& arranged as to diffuse the fresh air 
that enters over the upper part of the room, and not inconvenience the persons 
in the room, by descending upon them in a current. There should be a«chimney 
to every room, which on no account should be stopped up with a chimney- 
board, as is often the case in bed-rooms. We have observed also, in many houses, 
that the top sashes of windows of the upper rooms are made fast ; now if these 
were made to slide downward, instead of the lower sashes upward, increased 
salubrity, as well as security, (especially in the case of children,) would be 
obtained. In whatever way firesh air may be made to enter an apartment; it 
should be, as far as may be practicable, at the part remotest from the fire-place, 
in order that it may traverse the whole apartment in its passage to the chimney. 
The most effective species of .ventilation is that in which nature is adopted as the 
guide. The simple action of the sun, no less than the devastating phenomenon 
of the .'\frican tornado, tend to the same result. We have only to change the 
temperature of the air which surrounds us, and a new portion t^l rush in from 
the adjacent and purer parts, to supply its place. From this it is obvious, that 
a lamp placed in an aperture of the ceiling, in any large and crowded room, 
will tend to purify the air. This is precisely the case in our large theatres, as 
that at Covent Garden, where the great glass chandelier, with its numerous gas- 
burners, gives out a great quantity of heat, immediately under a large funnel, 
which passes through the roof, into the open air. The rarified air which thus 
rushes through the funnel, is constantly succeeded by continuous fresh currents, 
entering at numerous apertures beneath, to restore ^e equilibrium of pressure. 

Notwithstanding this arrangement is calculated to render the atmosphere of 
crowded places more fit for respiration, it is productive of e painful and serious 
inconvenience to those persons who may be situated near to the apertures before- 
mentioned, where the fresh air enters ; they are thus exposed, as it were, to the 
action of a series of blow-pipes, and the consequences are, colds, asthmas, and 
rheumatisms, in abundance. To avoid drafts, and yet ventilate thoroughly, has 
hitherto been found of difiicult accomplishment. In “ A letter to the Earl of 
Chichester, on the practicability of rendering those properties of air, which relate 
to caloric, applicable to new and important purposes, (1823,)" by Mr. John 
Vallance, of Brighton; that gentleman has proposed a plan for warming and 
ventilating the Houses of Parliament, which, in prmciple, is admirably designed 
to obviate the difficulties just mentioned; we shall, therefore, give it a place 
here in the author’s own words ; although there are some mechanical diflSculties 
to be overcome, before it can be rendered elegant and convenient ; the means 
of effecting which, will, we trust, be ultimately accomplished. , 

“ There are two principles which operate to alter the state of air, in any place 
where numbers of people convene. One of them affects it physically, and to a 
change of density, and is the cajise of drafts and influxes of cold air ; the other 
affects its chemically, and to a change of quality, as the me^um by which the 
action of the lungs is rendered efiicient to the preservation of life, and ffenders 
necrasaiy, and indeed indispensable, the drafts and currents^jf which the first 
^ ®^use. The first of these occurs in every place in which air is heated ; 
the other, only in those places in which it undergoes respiration. Now, it is 
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the first ouly of these that falls under our consideration, wl|en investigating the 
principle on which drafts take place ; and the course of operation of this prin- 
ciple is thus. If heat be communicated to a particle of air, a change takes 
place with respect to that particle in the following manner ; it becomes expanded 
and increased in bulk, in some such way as may be conceived, by reference to 
the juvenile practice of holding a flaccid bladder before the fire, to tighten and 
fill it up again, prior to using it as a football. 

By this expansion it is increased in bulk but not in weight ; and in conse- 
quence, rises from among the other particles, and ascends towards the ceiling ; 
in the same way that a bladder, filled with air, would rise through, and swim at 
the top of others filled with water, ||ere they thrown into the sea together; and, 
as the only circumstance which caused this particle to be where it chanced to 
be at the time this supposed heating took place, was its gravity ; the moment 
that becomes altered, and it, in consequence, rendered 
specifically lighter than the surrounding particles, it 
ascends, and passes through them towards the ceil- 
ing. This is the course of operation of the principle ; 
the efipect of it is this ; — The moment this particle of 
air has moved away from what heated it, its place is 
taken by another, which, undergoing the same change, 
passes off in like manner, having its place taken by a 
third particle ; and this alternation continues all the 
while heat is communicated, be the communicator what 
it may, whether the human body, a stove, or any other 
method of heating. 

This is the effect of air’s being heated ; its physical 
state is altered, and it becomes specifically lighter than 
it was before. 

The consequence of its becoming lighter, may be 
conceived thus : — If a glass tube were taken, shaped in 
this manner, with a notch or crevice cut in it at A, 
to which notch or crevice a metallic* slide were well 
and tightly fitted, so as to cut occasionally off the 
communication between the two legs; if into this 
* tube there were (when the slide was pushed in, so as 
to cut off the communication) poured, in one leg, 
quicksilver, and in the other water, and then, when 
^th were full, (placing the thumb on the top of the 
leg that bad the water in it, to k^ep it in,) the slide 
between the quicksilver and water were pulled out to let them press one against 
the- other, it is very evident that the superior weight of the column of quick- 
silver would cause it to press the column of water upwards against the thumb, 
and that, were the thumb removed, the water would be driven up, and some of 
it forced out of the tube ; and also, that the water would continue to rise, till 
the contents of the two legs counterbalanced each other. Now, this is an illus- 
tration of what takes place in any building, whenever the air inside it is hotter 
than the air without. 

Since, the external air being heavier than the internal air, the former so 
operates upon the latter, as to press it upwards against the ceiling, in the same 
manner rhSt the water would be pressed against the thumb ; and if a part of 
the ceiling be cut away, so as to open a means of emission similar to what the 
removal o[ the thumb permitted ; that is, if a ventilation aperture be opened in 
the ceiling, the superior weight of the cold external air will cause it to drive 
the lightejr internal ^ up through that aperture, till the equilibrium becomes 
restored : and if, owing to the mr on the insid# being by the respiration, &c., 
of people convened in the building, kept constantly warmer and lighter than 
the ex.>rnal air, tilis equilibrium is prevented, and the difference between the 
external and inteiAal atmo.sphere kept permanently up, the consequence then 
will be, that instead of a single and transitorj' emission, like that of the water 
from the tube, there will be a continuous emission of air through the ventilator 
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all the while the respirations, &c., of those who are assembled in the building 
keep up the difference. Now this is what takes place in all public places ; and 
as, owing to the door and windows being, during cold weather, kept shut, the aper- 
ture of admission (or channel by which the external air enters the building,) 
is rendered very much smaller than that of emission ; to make up for the 
difference thus caused between the apertures of admission and emission, the cold 
external air is obliged to make use of all the cracks and crevices that are about 
either the doors and windows, or elsewhere around the building, and to intro- 
duce itself through them with a velocity so much greater than that at which it 
passes off by the ventilator, as will make up for the difference between the sizes 
of the cracks and crevices by which it enters, and that of the ventilation aper- 
ture. 

This is the reason why drafts are experienced from the crevices of doors and 
windows : the heated and respired air passes off by the ventilator; to make up 
for what so passes off, fresh air flows intoHhe bottom of the building, and as, 
when the weather is cold enough to make us shut the doors and windows, in- 
gress by a duct equal to that of egress is prevented, to make up, by tfce rate at 
which it enters, for the difference in the sizes of the apertures of admission and 
emission, the air that flnds its way in through cracks and crevices, enters with 
so great a velocity as to cause the chilling currents we experience. 

Instead of suffering ventilation to take place at the pleasure of the air, I re- 
strict and regulate it thus : — I first have the windows of the place nailed down, 
to prevent them from being ever opened ; I then have the joints and creviees, 
both of these windows and of the room in general, so filled with putty, or so 
treated with any kind of lute or luting, that will answer the purpose, as shall pr^ 
vent their becoming channels through which drafts or currents may find their 
way either into or out of the place. I then have the door-ways arranged thus 
Removing the present doors, the door- way is made six feet wide, by about the 
same height, and into it is fitted a cylinder (of wood or metal) closed at both 
ends, and placed upright <hi one of them, so as to appear somewhat like a cask 



built into tlie wall. Through ^he side of this cylinder I have two apertures 
cut, each about four feet wide, by the height of the cylinder inside its ends ; 
which apertures are opposite, the middle of each being in the line ot tht^entre 
of the cylinder, so as to leave a way of about four feet wide, ^right through the 
middle of it into the place, as shewn above, where the cylinder is represented 
placed in the wall, with the apertures in it. In t!ie centre of the cylinder, there 
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is now put (perpendicularly) a shaft, of about three inches^liameter and of the 
length of the cylinder ; and having it, and the centres of the top and bottom of 
the cylinder, so prepared and fitted to each other, that the shaft may easily 
turn round, or revolve ; then there are fixed on it, at right angles to each other, 
eight arms or radii, four at Wp, and four at bottom ; the bottom four being 
exactly under the upper ones. To these arms there are fixed four sheets, or 
pieces of iron plate, of such lengths and widths as will just go into, and fill up, 
(though without touching,) the space left between the shaft and the side of 
the cylinder ; and these things being so done, that the plates or leaves fixed on 
the arms may turn easily round, inside the cylinder ; and the ends and sides of 
these leaves being so fitted to each^ther that, when the leaves are turned round, 
there may not be a space greater than about the sixteenth of an inch left be- 
tween them, the arrangements for the door-way are complete ; and the cylinder 
through which the place is entered, has within it four leaves or wings, some- 
what like the fans of a winnowing-mtichine, fixed perpendicularly. 

Now, the effect of these arrangements is this: — Were a common door to be 
made us»of, whenever it was opened, free*ingress or egress would be given to 
air, and it would pass from, or into the place, as circumstances dictated. But 
with a door arranged in this way', no air can at any time pass either into, or 
out of the place, excepting by the narrow space or crevice left between the 
edges of the leaves and the inside of the cylinder ; since, the leaves being all 
at right angles with each other, and the two apertures in the cylinder being 
neither of them so wide as to be equal to ninety degrees of a circle of the same 
diameter as this door-way cylinder, it follows that, turn, or cause the leaves to 
revolve in what way we may, two of them will always be within the uncut parts 
of the cylinder, and constantly interposed between the inside of the place and 
the open air; and in consequence, there never can be any other passage for air 
into, or out of the place, by this door-way, than by the space or crevice between 
the edges of the leaves, and the inside of the cylinder. 

When the windows and door are thus finished, I proceed as follows with the 
ventilator : — ^To the aperture in the ceiling, throu^ which ventilation takes 
place, there is fixed a pipe of an equal diameter with that aperture ; which pipe 
goes through the roof and then descends, and opens into a reservoir or cistern, 
situated on the outside of the building. Now, with things thus arranged, and 
with the cistern so far filled with water that the end of the ventilation-pipe is 
immersed a few inches in the water, the machinery by which the warm air is in- 
jected is set to work, when air, fresh, andof a temperature pleasant to the feelings, 
is injected into the bottom of the building, at a rate sufidcient for the consump- 
tion of the people inside. The pipqp which convey this air, are so contrived and 
arranged, as to distribute it over the whole surface of the floor, in a way which 
renders its introduction imperceptible ; and consequently inconvenience from 
drafts or currents of it is guarded against. As fast as it is distributed over the floor, 
it gives place to the air that follows it, and rises towards the ventilator. In its 
ascent it passes the persons of the people in the place ; and becoming, from the 
heat imparted to it by their bodies, and from the deteriorating effects of their 
respiration, lighter, it rises more rapidly towards the ventilator. 

Now, from the arrangements and lutings I have mentioned, the only places 
where this air can find egress, are through the ventilation-pipe, and by the 
spaces or crevices between the door-way cylinder, and the leaves that revolve 
in it ; and these spaces or crevices being, when the cylinder and leaves are well 
finished and fitted to each other, as almost nothing in comparison with the 
quantity o^ air injected, it follows that the ventilation-pipe must be the main 
channel of exit. But before any air can pass through this pipe, it must displace 
the wathr .inside that end of it which is immer.sed in the cistern; to displace 
this, a slight pressure must be thrown upon it ;»the causing this pressure will 
somewhat condenss the air in the ventilation-pipe ; and as this condensa- 
tion wiS, ow'ing to that principle of fluids by which action and reaction are com- 
municated, be reverted, or reflected back upon, and caused to take place with 
respect to all the air in the building, the whole of it will be somewhat condensed 
and, in consequence, the building will have in it a quantity of air greater than 
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it would under comnlon circumstances have, according to tne depth to which 
the end of the ventilation-pipe is immersed in the water. Now, as this com- 
pressed state of the air, and the building’s thus having within it more than it 
would under common circumstances contain, is contrary to the natural tendencies 
of air, its expansive principle will be exerted, and every crack and crevice about 
the place will become a channel to let air out instead of into it ; and, in conse- 
quence, dr.afts into the budding effectually prevented, owing to every cranny 
through which they used to enter, becoming a channel of egrett instead of in- 
gress. 

This is the way in which I prevent and do away with “ drafts and when 
the door and ventilation apparatus (which is, i|r fact, nothingmore than amost sen- 
sitive valve, and to which a valve would, under some circumstances, be preferable,) 
are well arranged, and their effect not counteracted by any of the cracks and 
crevices which are about rooms being suffered to remain unluted, or otherwise 
unstopped, the evil it is intended to remedy will be effectually done away 
with. 

There is, to be sure, both singularity, and a degree of inconveniance, in a 
door-way such as I have described ; though, by having the panels of the re- 
volving-leaves of glass, this might be much done away with ; and as there is no 
other equally convenient way of preventing all possibility of annoyance from 
the door, whenever any one either entered or went out of the place, it might be 
submitted to, should common doors not be considered sufScient. 

With the prevention of inconvenience, and the danger of taking cold tn«de4be 
building, would also be the removal of much of the liability to cold, &c., when 
leaving the now highly heated atmospheres of public places ; as, owing to the 
temperatures being always uniform, and never above that which was agreeable 
and salubrious, much of the danger we all experience, and many of the indis- 
positions people of delicate constitutions incur, in consequence of passing from 
those atmospheres to the open air, would be done away with. And, by vary- 
ing the depth of the water, in which the ventilation-pipe is immersed, according 
to the variations of the barometer, constant uniformity, as to the density of the 
atmosphere inside of the building, might he maintained.” 

The usual mode of ventilating ships is by a canvass bag, called a wind-sail. 
This is suspended over the principal aperture in the deck, and having an open- 
ing in the direction of the wind, a current is propelled downwards, which tends *' 
to purify the air. But ventilation is chiefly required in ships during foul weather, 
when such a process as that of the wind-sail cannot possibly be employed. Mr. 
Jacob Perkins has proposed, under these circumstances, the following very 
simple arrangement. 

a and b represent two casks or tanks half filled with water, placed on the 
opposite sides of the vessel, with a channel c, having an open communication 
with both ; d and e represent two large hoses or pipes, through which the foul 



air from below deck escapes into the tank, where therd^ are valves ^ppening 
inward ; / and g are two pipes furnished with valves opening outwards, serving 
to discharge the foul air out of the tanks. Now, when the tank a is elevated by 
the ship's motion, the water will run along the pipe c into the depressed tank b, 
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the rising of the water in which will open the valve of the pipe g, and discharge 
.as much air as the water displaces. At the same time the elevated tank a is re- 
ceiving the foul air from below through the hose d, the valve in it having been 
opened by the pressure acting upon the vacuum formed in a by the retiring 
of the water, the external pressure of the atmosphere having shut the valve in 
the discharge-pipe / .• now, when the vessel rocks in the opposite direction, as 
would be represented by a line from d tog, the charge of foul air in the tank a, is 
discharged by its filling with water in the manner ^eady shown as respects the 
tank 6; and thus the operation is continually performed by the oscillation of 
the vessel. It will, however, be evident that, if the tanks be fixed at right 
angles to the keel, the ventilation only be effected by the rolling of the ship : 
but if the tanks be placed diagonally, then the ventilation will be equally effected 
by the pitching also. A very excellent warming and ventilating stove for build- 
ings, particularly adapted to manufactories, by the same ingenious mechanician, 
is described under the article Aia : Ivhich see. 

VERDIGRIS ; is a crude acetate of copper, employed in the arts as a pig- 
ment ; see Painting. It is usually obtained by moistening the surfaces of 
copper plates with vinegar, and exposing them to the action of the atmosphere ; 
a bluish green rust, or Sue salt, thereby forms upon the surface, which is verdi- 
gris. According to Mr. Phillips, the constituents of English and French verdi- 
gris are as follow : — 


Acetic acid . . 

French. 

English. 

. . 29.3 

29.62 

Peroxide of copper . 

. . 43.5 

44.25 

Water 

. . 25.2 

25.51 

Impurity .... 

. . 2.0 

0.62 


100.0 

100.0 


The French verdigris has been usually considered the best, but the English 
of late years has been so much improved in the manufacture, as to be rendered 
equal to the foreign in the opinion of many. In a manulactory established at 
Deptford, about twenty years ago, the process which we saw in operation (and 
which we believe is continued without any essential variation) was as follows : 

• Thin plates of copper, of which there were an immense number, about a foot 
square each, were folded up in coarse wooUen cloths, saturated with pyroligneous 
acid, (distilled on the premises ;) a dozen or more sugh plates, with the moist 
cloths between them, forming one pile, were placed to tbe number of several 
thousands upon stout wooden rack% built up in an extensive cellar, through 
wliich the air had free access ; but the underground situation having the effect 
of preserving the air iu a moist state, which we understood was favourable to the 
process. The plates, after remaining a few days in this state, were taken down, 
tbe cloths unfolded, and the green stJine matter upon the surfaces of the plates 
was scraped off by instruments calculated not to remove any portion of the 
metal ; the plates were afterwards folded anew, in the moistened acid cloths and 
the process was thus continually repeated, until the copper plates were by im- 
perceptibly slow degrees worn away. The quality of the verdigris thus produced 
was in great estimation. The manufacture was conducted under a patent-right 
which has now expired. “ ’ 

VERDITER. A blue pigment, obtained by adding chalk or whiting to a 
solution of copper in aquafortis. It is thus prepared. A quantity of whiting is 
put into a Jfib, and upon this the solution of copper is poured. The mixUire 
is stiffed every day for some hours together, until the liquor loses its colour. 
The liqifoi^is then to be poured oflj and more solution of copper is to be added * 
and the process thus continued, until the whiting has acquired the requisite 
depth of tint; whe^ it may be first dried upon large pieces of chalk, and after- 
wards iiJthe sun’s rays. The inferior verditers are deficient of copper 

VERJUICE. An austere vinegar, made from the expressed juice of wild or 
crab apples It is used by the wax-chandlers for purifying their wax Also ir 
Trench cookery, to give pungency to ragouts, X-c. 



VERMILION. 


8!S 


VERMICELLIJi A composition of flour, cheese, jolks of eggs, sugar ami 
saffron, reduced to a smooth paste, and formed into long slender pieces like 
worms, by being forced through little holes, i>y means of a piston moving in a 
cylinder. 

VERMILION. A beautiful scarlet-red pigifient. It is usually obtained 
fi-om mercury, being the red sulphuret of that metal. It is said, by some 
authors, that the Chinese vermilion is a sulphuret of arsenic: others, on tlie 
contrary, assert that it is prepared from the cinnabar of the East, which being 
an ope of mercury, already combined with sulphur, renders it an obvious and 
an easily conducted process. Large quantities of vermilion are manufactured 
by the Dutch. Their process consists in gpinding together 150 pounds of sul- 
phur, and 1000 of quicksilver, and then heating the jEthiops mineral thus pro- 
duced, in a cast-iron pot, two feet and a half in diameter, and one foot deej). 
If proper precaution is taken, the .Slthiops does not take fire, but merely clots 
together, and requires to be ground. TRirly or forty pots, capable of holding 
twenty-four ounces of water each, are then filled in readiness with this jEthiops. 

The sublimary vessels are earthen bolt heads, coated two-thirds of their height 
with common fire-lute, and hung in the iron rings, at the top of three pot fur- 
naces, built in a stack under a hood or chimney, so that the fire has free access 
to the coated part ; each sublimer has a flat iron plate, which covets the mouth 
of it occasionally. The fire being lighted in the evening, the sublimers are 
heated gradually to redness. A pot of jEthiops is then flung into each sub- 
limer; the .dEthiops instantly takes fire, and the flame rises from four to si^ feet 
high ; when the flame begins to diminish, the sublimer is covered for some time. 
By degrees, and in the course of thirty-four hours, the whole of the jEthiops is 
put into the sublimers, being 410 pounds into each. The sublimers being thus 
discharged, the fire is kept up, so that on taking off the covers every quarter or 
half-hour, to stir the mass with an iron poker, the flame rises about three or 
four inches above the mouth of the sublimer. The sublimation usually takes 
thirty-six hours, and when the sublimers are taken out of the furnace, cooled, 
and broken, 400 pounds of vermilion are obtained from each. 

Kirchoff first showed, that by comminying and triturating mercury, sulphur, 
and potash together, and applying heat, cinnabar might be obtained ; but the 
process was uncertain, and gave variable quantities of vermilion. The follow-^^ 
iiig is a process recommended by M. Bruner : — 


Mercury 300 parts. 

Sulphur 114 

Caustic potash ....... 75 

Water 400 to 450 

The mercury and sulphur are first triturated together, from three hours to <a 
whole day, according to the quantites used. When the mixture is homogeneous, 
the solution of potash is added, the trituration continued, and the mixture heated 
in an earthen vessel or porcelain, or, if on a large scale, of iron. At first, the 
stirring must be constant, afterwards, from time to time. The heat should be 
sustained 113°; it should never pass 122“. The liquid should pot be allowed 
to diminish by evaporation, but be made up. After some hours, the mixture 
will acquire a reddish brown coloiu-, and then great care is required: the mix- 
ture must not pass 113°. If it becomes glutinous, a little watfer should be 
added ; the mixture of sulphur and mercury should always be in a pulverent 
form in the liquid. The colour becomes more and more brilliant, and at times 
increases with astonishing rapidity ; when it has attained its high^t intensity, 
the vessel is to be taken off the fire, but still to be retained warm, for several 
hours. The time necessary {or the application of heat, appears to be directed 
as the quantity operated upon. If the proportion above be in grammes, (about 
151 grains each,) the red colour will appear in about eight hours, and^the ope- 
ration be finished in about twelve hours. • 

The cinnabar is then to be washed, and the small quantity of metallic mer- 
cury that may be present, separated ; from 328 to 330 parts of vermilion wUl 



I VINEGAR. 849 

be obtained, of a colour, equalling that of the native cinn^ar, and far surpass- 
• ing that of cinnabar obtained by sublimation. The mercury and the potash 
should be quite pure. * 

VICE. An instrument consisting cliiefly of a pair of stout jaws or chaps, 
which are brought together tijr the aid of a screw, to compress, or hold fast any 
substance plac^ between them. Vices are of almost indispensable utility to 
smiths, engineers, and the generality of mechanics, to the peculiar wants of 
certain classes of whom, they are sometimes variously modified : but the vices 
in general use, are those termed smiths’ vices, and these are of several kinds ; 
namely, the standard vice, the bench vice, and the hand vice. The first-men- 
tioned has a long standard bar r*iching to the ground, by which it may be 
stapled to the side of an upright post ; and likewise a pair of flattened horns, 
by which it may be nailed to the .top of the post, or to a work-bench. They 
are made of various sizes, and wei^h from 15 to 150 pounds each, according 
as they may be required for heavy or light work. The second sort, bench-vices, 
are of a smaller class ; they have no standard bar, and are contrived so as to be 
clamped firmly to the bench, by means of a screw and wrench, and the horns 
or claws above. Of this kind, a very superior quality used by watch-makers, 
clock-makers, and other delicate mechanists, is made by the Lancashire tool- 
smiths, whose workmanship surpasses all others. The third kind, hand-vices ; 
these, though of various sizes, and modified in a thousand ways, are all so small 
as to be held in one hand, that the article they gripe may he worked upon by 
the*other ; the jaws are drawn together or asunder by a small thumb screw. 

VINEFICATEUR. An apparatus for collecting the alcoholic vapours that 
usually escape from fluids during the process of vinous fermentation. It is a 
conical vessel or cap, covering a hole in the top of the fermenting tun, which is 
in other respects closed air-tight. The conical vessel is surrounded by a reser- 
voir of cold water, so that the spirituous vapours, rising from the working tun, 
may be condensed when they enter the cone, and, [running down its sides, be 
conducted by a pipe back into the tun. The cap is provided with a tube, to 
carry off the gaseous portion of the vapour which has not been condensed. 

VINEGAR. Acetic acid in a dilute state, combined with mucilage, and 
sometimes accompanied with flavouring ingredients. Though frequently result- 
ing from spontaneous fermentation, this usefiil acid is usually obtained by the 
manufacturing processes of brewing and fermentation. There are four principal 
kinds ; namely, wine vinegar, mtdt vinegar, sugar vinegar, and wood vinegar. 
The process of preparing the last-mentioned, has been already described under 
the article Acid, in the first volume ; our attention is therefore here restricted 
to the three former. • 

Wine Vinegar. In Paris, the wine destined for making vinegar, is usually 
mixbd in a large tun, with a quantity of wine lees ; the whole is then transferred 
into cloth sacks, placed within a large vat, and the liquid portion of the matter 
is extruded through the sacks by superincumbent pressure. What passes through 
is run into large casks, set upright, having a small hole in their tops. In these 
vessels, it is exposed to the beat of the sun in summer, or to that of a stove in 
winter. Fermentation takes place in a few days. If the heat should then rise 
too high, it isJowered by cool air, and the addition of fresh wine. In the skilfiil 
regulation of the fermentative temperature, consists the art of making good wine 
vinegar. In summer, the fermentative process is usually completed in a fort- 
night ; in winter, about double the time is requisite ; after which, it is run oflT 
into casks, containing some chips of birch-wood, where it is allowed to remain, 
.until it has jiecome clear and bright, which usually takes a fortnight more. The 
vinegar is then put into close casks, and is ready for the market 

At Orteans, the manufacturers prefer wine of a year old, for making vinegar ; 
but, if the wine has lost its extractive matter, by Sge or otherwise, it does not so 
readily undergo ace^fication, which is, however, brought about by the addition 
of bundles of grapes, slips of vines, or green woods, abounding with extractive 
matter. Almost au the vinegar of the north of France being prepared at 
Orleans, the manufacture of that place has acquired such celebrity, as to render 
the process employed there worthy of particular attention. 

von. II. 5 p 
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The Orleans casts contain nearly 400 pints of wine. Those which have 
already been used, are preferred. They are placed in three rows, one above* 
another, and in their tops, have an aperture oftwo inches diameter, kept always 
open. The wine for acetification is kept in adjoining casks, containing beech 
shavings, to which the lees adhere. The wine thus clarified, is drawn off to 
make vinegar. One hundred pints of good vinegar, boiling hot, are first pourea 
into each cask, and there left for eight days. Ten pints of wine are mixed in, 
every eight days, until the casks are full. The vinegar is allowed to remain m 
this state fifteen days, before it is exposed for sale. The used casks, called 
mothers, are never emptied more than half, but are successively filled again, to 
acetify new portions of wine. In order to ju5ge if the mother works, the vinegar- 
makers plunge a spatula into the liquid ; and, according to the quantity of froth 
which the spatula shows, they add more on less wine. In summer, the atmo- 
spheric heat is sufficient. In winter, stoves heated to about 76° Fahr. maintain 
the requisite temperature in the manufactory. 

In some country districts, the people keep, in a place where the temperature 
is mild and equable, a vinegar cask, into which they pour such wine asfthey wish 
to acetify ; and it is always preserved full, by replacing the vinegar drawn off, by 
new wine. To establish this household manufacture, it is only necessary to buy 
at first a small cask of good wine. The following mode of preparing vinegar, 
which was described by Boerhaave, more than a century ago, is still in practice 
in various parts of France, and elsewhere : — 

“ Take two large casks or hogsheads, and in each of these, at the distanife ot 
a foot from the bottom, form a false-bottom of wicker-work ; set the vessel 
upright, and on the grate place a moderately close layer of green twigs, or 
fresh cuttings of the vine. Then fill up the vessel with the foot-stalks of the 
grapes, commonly called the rape, to the top of the vessels, which must be left 
quite open. Having thus prepared the two vessels, pour into them the wine to 
be converted into vinegar, so as to fill one entirely, and the other only 
way up. Leave them thus for twenty-four hours, and then fill up the half-filled 
vessel with liquor, from that which is quite full, and which will now, in its turn, 
be left only half fuU. Twenty-four hours afterwards, repeat the same operation, 
and thus go on, keeping the vessels alternately full and half full, during twenty- 
four hours, till the vinegar be made. On the second or third day, there will ^ 
arise in the half-filled vessel, a fermentative motion, accompanied with sensible 
heat, which will gradually increase from day to day. On the contrary, the fer- 
menting motion is almost imperceptible in the full vessel; and, as the two 
vessels are alternately full and half full, the fermentation is, by this means, m 
some measure, interrupted, and is only renewed every other day in each vessel. 
When this motion appears to have entirely ceased, even in the half-filled vessel, 
it is a sign that the fermentation is finished ; and therefore, the vinegar is then 
to be put into casks, close-stopped, and kept in a cool place. A greater or less 
degree of warmth accelerates, or checks this, as well as the spirituous fermenta- 
tion. In France, it is usually finished in fifteen days, during the summer; but 
if the heat of the air be very great, and exceed 25“ of Reaumur’s thermometer, 
^88^“ Fahr.) the half-filled vessel must be filled up every twelve hours ; because, 
if the fermentation be not so cheeked in that time, it will become violent, and 
the liquor will be so heated, that many of the spirituous parts, on which the 
strength of the vinegar depends, will be dissipated, so that nothing will remain 
after the fermentation, but a vapid liquor, sour indeed, but effete. The better 
to prevent the dissipation of the spirituous parts, it is a proper and usual pre- 
caution to close the mouth of the half-filled vessel, in which the liquor ferments,* 
with a cover made of oak wood. As to the full vessel, it is always left open, 
that the air may act freely on the liquor it contains ; for it is not liable to the 
same inconvenience, because if'ferments but very slowly.” 

In observing the phenomena of this fermentation, M.^Fourcroy remarks, 
{Elements of Natural History and Chendstry, London, 1790,) we p4l’ceive a 
great deal of boiling and hissing. The liquor becomes hot and turbid ; a great 
mmy bubbles and filaments appear to run through it in all directions : there 
exnales irom it a. lively acid smell, which is no way dangerous : it absorbs a 
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great deal of air. 'By degrees, these phenomena disappeclr ; the heat falls, the 
• emotion ceases, and the liquor becomes clear. It deposits a giareous sediment 
in reddish flakes, which stick to the sides of the casks. It appears, from a 
sufficient number of experiments, that the smaller the quantity of the wine, and 
the more it is exposed to tHe contact of air, so much the more readily does it 
pass into the state of vinegar. Care must be taken to draw off the vinegar 
clear, when it is thus prepared, in order to separate the lye, which, were this 
precaution neglected, would cause it to pass into the state of putrid fermenta- 
tion. Vinegar does not, like wine, deposit tartar by rest : that salt was dis- 
solved, and combined with the alcohol and water, during the fermentation. It 
is even probable, that the prcscnc^of the salt has a principal influence in calling , 
forth the properties of vinegar from a latent state. 

Malt I’ineffar, which is chieflji used, and extensively manufactured in this 
country for foreign as well as home consumption, is made by macerating malt 
(in some instances mixed with a pfoportion of unmalted barley,) in hot water. 
From each boll of the grain is extracted one hundred gallons of wort, and when 
the temjterature is reduced to about 75“ of Fahr. four gallons of beer yeast are 
added to each hundred gallons. The liquor is next racked (df into a series of 
upright vats, arranged in a stove-room, kept heated to a temperature of nearly 
90“ Fahr. The vats are provided with perforated false bottoms, on which is 


strewed a quantity of rape, the refuse from the makers of British wine, or some 
low priced raisins. Every twenty-four hours, or oftener, should the liquor grow 
tod warm, the principal portion of the liquor of each alternate vat is pumped out, 
and discharged into the adjoining one, two vats being usually worked together, 
in the manner already described, until the active fermentation is completed. 
After this, the liquor is drawn oft’ clear into large casks or pipes, wliich are laid 
on their sides, exposed to the air, the biuig-holes being only loosely covered, to 
exelude accidents impurities. 

VINERY. A garden erection, usually consisting of a wall 12 or 14 feet 
high, extending in an easterly and westerly direction, covered with a roof and 
glass lights, furnished with a stove ^d flues, and every convenience for the pro- 
tection and cultivation of vines. 


VIOLIN, or fiddle; a well-known stringed instrument of brilliant tone, the 
, vibrations in which are produced by means of a bow. 

VIOLONCELLO, or bass viol ; a similar instrument in construction to the 
violin, but of a larger size, and having a more powerful effect. An improve- 
ment in the violoncello was lately made by Mr. S. A. Forster, of Frith Street, 
Soho, London, for which that gentleman received an honorary medal from the 
Society of Arts. The tail-piece o6a violoncello is a thin board, usually of ebony, 
fixed at the end of the instrument, opposite to the pegs, and to which the ends of 
thi strings are tied, or otherwise fastened. Mr. Forster’s invention consists, 
first, in making three longitudinal cuts in the tail-piece, dividing it into four 
bars, united only at the lower end, sufficiently separated at the other to pre- 
vent their touching while in a state of vibration ; and attaching the strings 
one to each of the bars. In each bar are three holes, and the string is to be 
fastened to whichever of them on trial shall be found to give the most perfect tone. 
Secondly, the material of the tail-piece, instead of being wood, as usual, is of 
soft hammered brass ; this alloy being found to give freer vibrations than copper, 
and to be preferable to iron or steel, on account of the metallic quantity of tone 
which attends the use of these substances. By the above arrangement, each 
string being attached to its own bar, the string and bar form a continuous and 
» • distinct line, and therefore the vibrations of the different notes interfere less 
with each other. When the strings are tied 'to one common tail-piece, the 
breaking of one puts all the others out of time ; but in Mr. Forster’s inven- 
tion, as each string has its own bar or tail-piei»e, the breaking of one affects the 
others in a very i^ight degree. 

VltRIOLS. ,A class of salts formed by earthy or metallic combinations 
with the vitriolic or sulphuric acid. 

YOLUIE. A spiral scroll, used in the Ionic and Composite capitals of 
columns, whereof it makes the principal characteristic and ornament. 
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WAFERS. Small discs of dried paste, used for sealing letters. The mode 
of maUigthem is as follows ; — Take fine wheat flour, mix it with white of eggs 
and isinglass into a very smooth paste, and spread th6 same over tin plates evenly, 
and dry them in an oven, placing several of the plates one over the other to 
communicate a glossy surface to the wafers. When dry, the sheets of paste thus 
formed are laid up in a pile, about an inch or more in depth, and cut out into circu- 
lar pieces by a hollow punch, which allows the wafers to pass up its tubular cavity 
and discharge themselves sideways as the cutting proceeds, which is effected 
with great rapidity. The variety of colours that are ordinarily communicated to 
wafers, is given to them in the paste, by the usual pigments in the dry powdered 
state, or previously dissolved in the water employed. As the ornamental sub- 
stitute for sealing-wax and wafers taken from gems, seals, or Tassie’s copies 
thereof which was recently much in fashidh, possesses some utility as a very 
convenient cement, we shall here add the m^e of preparing it. A solution 
of Salisbury glue, in water previously tinged red, purple, yellow, &c., b/ Brazil- 
wood, log-wood, turmeric, &c. must be prepared of a proper consistence. The 
hollows of the gem, &c. must then be moistened with a little weak gum-water, 
in which any white or coloured opaque powder is mixed ; or with the gum- 
water alone, and the colour in powder sifred over it ; all the colour must then be 
wiped off the plain parts, leaving it only in the hollows. As much of the melted 
glue must then be poured upon the gem as can lie upon it, and be suffered 'to 
dry in a gentle heat ; when it will shrink considerably, so as to become not 
thicker than an ordinary sheet of writing paper ; it readily quits the gem, pre- 
senting a beautiful cast of it. ' To use it, the folded note, letter, &c. should 
be wetted on the part where the glue-wafer is to be applied, and the back of 
the wafer be placed on the wet part, when it will soon adhere, by its gluti- 
nous property, and thus form an elegant closure to the letter. It should be 
remarked that this is merely the revival, and application to a different piur- 
pose, of a well-known process, formerly ,much used for taking casts from 
medals, coins, &c. ; viz. by making a solution of isinglass in proof-spirits, 
straining it clear, and pouring it over the surface of the medal, &c. The isin- 
glass shnnks in drying, and will readily quit the surface of the medal ; it may 
then either remain in its transparent state, or, by breathing upon it, a coat of lem 
gold or silver may be applied to i^ and thus give it the appearance of metal. 

The French isinglass wafers are made in France, in the following manner. 
The isinglass being dissolved in water to the proper consistence, is poured out 
upon plates of gla^ provided with borders, and laid upon a level table ; to pre- 
vent the glue from sticking to the plates, a little ox-gall, or other fit material 
should be rubbed over them. Previous to the isinglass becoming quite dry, thJy 
are to be cut through along the borders. The leaves are then removed, and cut 
out with hollow punches, as other wafers are. The various colours are com- 
municated to them by pigments while in the fluid state. They are sometimes 
flavoured with essential oils and aromatics, as well as fruits, to give them an 
agreeable taste. For sealing letters, these wafers afford more security than the 
ordinary paste kind. . 

WASHING-MACHINE, in the common acceptation of the term, is an 
apparatus for cleansing linen, cloth, and various fabrics ; there is a great diver- 
sity of them, but one or two that we shall describe will, in a great' measure, 
afibrd M idea of the generality. In the annexed figure is given a section of 
Mr. Flint’s Patent Machine for cleansing woollen cloths from dirt, and their 
excess of colouring matter, after having been dyed, a a is the section of a 
water trough, filled with water up to the pipe/, by which it is supplied’; h is 
an inner vessel for receiving tie dirt and the colouring matter, as it falls 
from the cloth between the two cylinders d d, when pres^d by the action 
of the upper cylinder. These cylinders are made of woo A with reISs or 
toes dong their peripheries, and revolve upon their axles, in bearings fixed in 
the sides of the trixigh, which cannot be shown in this view. The cloth c is 
put over the two lower cylinders (as a round towel) in an endless coil ; the 
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cylinders are put in motion, by gear or by bands from any Adequate first mover. 
• By this arrangement the cloth is gently pressed between the flutes or ribs of the 
revolving cylinders, passing throftgh the soapy water below in easy folds, while 



the extraneous colouring matter and ^rt falls and is collected in the inner vessel, 
preserving the water in the outer vessel from a great proportion of the foulness 
which it would otherwise acquire. 

^ A few years ago, Mr. Bullman, of Leeds, whose patent mangle we have 
described, took out a patent also for a washing and wringing machine, combined 



in one apparatus ; the principal arrangements of which will be understood by 
reference to the above diagram. Mr. Bullman justly states that the ordinary 
process of wringing is peculiarly destructive of linen apparel, especially such as 
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are of a delicate ter^ture ; and, to obviate this defect, he causes the linen to be 
passed from the washing machine between rollers which squeeze by simple ' 
pressure the water out of them, so as to makd them nearly dry. 

a is the vessel holding the clothes and water, standing upon stout legs bh. \t 
has a circularly curved bottom, to accommodate*^ the action of an oscillating 
beating frame which is put in motion by the cross handle c, and turns upon a 
fulcrum at d. The lines at e are intended to represent some of the clothes, 
supposed to be washed, being taken up out of the vessel by means of the rollers/y, 
between which they are compressed as they emerge from the vessel. The axis 
of the roller g carries a toothed wheel h, operated upon by a small pinion i, by 
turning the winch k. The rollers are duly prcirided with apparatus to adjust their 
distance from each other, by which the pressure is of course regulated ; and they 
are covered with two or three coils of ^nnel, to give elasticity to the pressure, 
and prevent injury to the fabric. We bave seen the machine in action, and it 
seems to do its duty very well. The patentee says, that by the use of the 
wringing apparatus atone, linen will last twice as long as when wrung in the 
usual manner. Washing machines for other processes are described tinder the 
subjects to which they relate. 

WATER. A transparent fluid without colour, smell, ortaste, and compressible 
only in a very slight degree ; when pure, not liable to spontaneous change ; liquid 
at the common temperature of our atmosphere, assuming a solid form at 32“ of 
Fahr. andagaseous state at 212° Fahr., but returning un^tered to its liquid state 
on resuming any degree of heat between these points. Water is capable of 
dissolving a greater number of natural bodies than any other fluid whatever, and 
especially those known by the name of the saline; performing the most im- 
portant functions in the animal and vegetable kingdoms, and entering largely 
into their compositions as a constituent part ; water exists therefore in three 
diflferent states : in the solid state or state of ice, in the liquid, and in the state 
of vapour or steam. It assumes the solid form, as observed above, when cooled 
down to the temperature of 32°, in which state it increases in hulk, and hence 
exerts a prodigious expansive force, owing, to the new arrangement of its parti- 
cles, which assume a crystalline form, the crystals crossing each other at an angle 
of 60° or 120°. The specific gravity of ice is therefore less than that of water. 
When ice is exposed to a temperature above 32°, it absorbs caloric, which then e 
becomes latent, and is converted into a liquid state, or that of water. At the 
temperature of 42° 5' water is at its maximum of density ; and according to 
some accurate experiments upon water in this state, a French cubic foot of it 
weighs 70 pounds 223 grains French, which is equal to 529452.9492 troy grains. 
An English cubic foot, at the same temperature, weighs 437102.4946 grains 
troy. By professor Robinson’s experiments, it is ascertained that a cubic Joot 
of water, at the temperature of 55°, weighs 998.74 avoirdupois ounces, of 
437.5 grains troy each, or about li ounce less than 1000 ounces avoirdupois, 
which latter, however, is the usual estimate. When water is exposed to the 
temperature of 212°, it boils ; and if this temperature be continued, the whole 
is converted^ into elastic vapour or steam. In this state it expands to about 
1800 times its bulk when in the state of water, which shows what an astonishing 
expansive force it must exert when it is confined ; and hence its application to the 
steam engine, of which it is the moving power. Water was formerly considered as 
a simple elementary substance, and the contrary was not satisfactorily, ascertained 
till towards the end of the eighteenth century, when it was found that 100 parts, 
by weight, of water is composed of 85 parts of oxygen gas, and 15 of hydrogen 
gas. In the common tables of specific gravities, that of water is assumed'^ 
as 1.000, or the unit of measurement, because, as has been already observed, a 
cubic foot of water weighs very nearly 1000 ounces ; it follows, therefore, that 
the number expressed in the table as the specifie gravity of any other substance, 
gives also the real weight of a cubic root of such substance, r 

WATER, horingfor. See Boring the Earth. 

WATER-CLOSET. It was not until that important Uttle contrivance, caUed 
the water lute or air-trap was invented (which we have described under the last- 
menuoned designation) that private dwellings could be even partiallv secured 
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against the announce of unpleasant effluvia ; but howtyer excellent may be 
• the principle of this invention, by neglect or gross mismanagement, its applica- 
tion vras rendered a greater evil than a benefit, until the late ingenious Mr. 
Bramah devised the apparatus, now termed a water-closet. Succeeding inge- 
nious men materially improved it, and have given to it a variety of forms and 
modifications. Out of the many presented to our notice, we have selected three 
for description in this place, which appear to us to be deserving of public , 



patronage. The first we shall mention is the nafont -Jr » r i 

—a b, M,. J. Do™», of Hish H.W 
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removal of the perstLi’s weight from the seat, so as to be entively self-acting, and 
independent of the usual attention of letting on the water. > 

a in the foregoing engraving represents the water cistern, placed as usual at a 
sufficient elevation above the closet to give the water an impetus ; k is the 
service box, for regulating the supply ; water enthrs it by the valve e, and air 
by the pipe d ; c is a small lever by which a communication between the valve 
e and the machinery is effected,' as may he seen by the wires extending from 
one end of it down the pipe d, and from the other to the cranks o o o ; /is the 
pipe by which the water is supplied to the basin g ; t is a pushing rod attached to 
the seat, which is hinged at the back to a projection from the axis of a long 
lever h, so that when a person’s weight is placed upon the seat, the left hand 
end of the lever is pushed down till the pendant li^ at b catches the hooked 
end of a one-armed lever as represented in t^e figure. Now it will be observed 
that when the person’s weight is removed from the seat, the balance weight k 
will descend and raise the link b, and with tt the hooked lever which is attached 
by a looped connecting link, to a toothed sector movable on an axis which is 
connected to, and turns back the soil pan, when the water is let on by the ele- 
vation of the lever. When the upper lever rises to its greatest elevation, the 
pendant link b slips off the booked end of the lower lever, which then, by a 
counterpoise attached to the toothed sector, is brought back to its stationary 
position, at the same time shutting the valve c, and returning the soil pan to 
take in the bottom of the basin. 'The quantity of water contained in the service 
box, when its valve is shut, descends into the basin and fills up the soil pan mi 
the lower part of the basin, thus preventing any escape of effiuvia from the soil 
pipes. The use of the fly wheel, which is put in motion by the toothed sector 
acting on a small pinion fixed on its axis, is to prevent by its inertia the water 
from being too suddenly shut off when the lower lever is liberated. 

This closet, though somewhat complicated in appearance, is really simple in 
its action, and, as manufactured by the patentee, not very liable to derangement. 

Beacham’s patent water-closet, is of the portable kinffi It represents, in its 
external appearance, an ornamental piece of cabinet-work. Our drawing and 
description has of course only reference to the interior. The construction is seen 
by the annexed diagram, a is the basin, b the trap or valve at the bottom, c a 
piece of brass affixed to the bottom of ^ 

the valve, acting as alever for opening or 
shutting the same, its fulcrum being on 
a fixed axis in two upright brass stems, 
one of which is shown at d. 'The latter 
are affixed to the metallic casing which 
encloses the basin, and thus forms a sup- 
porting frame-work for this part of the » 

apparatus. The lower ends of the stem 
d rorm two circular checks e, for en- 
closing a convoluted spring of a cylin- 
drical form, like the usual door spring ; 
but instead of steel, it is made of tough 
hammer-hardened brass, which pos- 
sesses, when coiled up, considerable 
elasticity, and is not destroyed or in- 
jured like steel by rapid corrosion. To 
the spring is attached a stem, carrying 
an anti-friction roller, which presses 

against c with the requisite force to keep the valve Jshut; this force may at any ‘ 
time be regulated in a mmute, by means of a screw on the opposite ^dc of the 
barrel or spring; if turned wi^ a screw-driver in one direction, the force of the 
spring is increased, and if in the reverse direction, it is relaxed ■ and it is fixed 
to the required degree by the pall falling into the teeth of* the ratchet wheel, 
shown in the centre of e. ”1116 method of working the vffitfe by the action of 
to tong, is the ^ential to vtoble part of the invention, and it is that on 
which the dami of patent-ngbt depends. TTie litfle roUer, it will be observed 
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does not act npoJ a horizontal plain surface, nor against an inclined plane, 
but it runs upon’the curs'ed or convex surface at the erfd of the piece b ; the 
• effect of which is, that when the trap or valve is opened by the weight of the 
contents of the basin, or by whter from the pump, the force of the spring 
gently relaxes, instead of increasing, permitting it to open wide, and be thoroughly 
cleaned ; and the valve, as it returns, being operated upon by the increasing 
force of the spring, is thereby shut up very closely. This mode of regulating the 
pressure is ingenious, and produces that uniformity and certainty of effict so much 
desired; without which, indeed, a machine of the kind is a nuisance instead 
of a convenience. The dotted lines show the manner in which the apparatus is 
dropped into a pail. The double rim of the latter is made to contain a little 
water, forming a little canal all roWnd, and the projecting rim of the former being 
immersed in it, an air-tight joint is thus produced, which prevents the escape of 
effluvia. The pail, &c. is enclosed in mahogany or other cases, wrought so as 
to represent various articles of the |umiture of a room in the usual way. 

Another very ingenious contrivance adapted to be used in a house, but especially 
calculatedfor ship-board, was invented by Mr.Downton, Blackwall; the soil being 
forced ofit of it by means of an air-pump, so that its perfect operation may be 
ensured in any situation, above as well as below the surface of the water. 

A is the basin ; B the air-pump, on the raising of the piston of which by means 
of the lever shown, the soil is drawn into it from A through the bent tube ; on 
depressing the piston in B, the valve at the bottom of it closes, and a valve at C 



opens, through which the soil is driven, and along the pipe D to the required 
distance, the soil being prevented from returning by the closing of the valve at C. 
In the upper part of the bason there is a small pipe leading into the upper part 
of the cylinder, where a valve opens inwards ; consequently-, in depressing the 
piston, the foul air is drawn from the bason into the cylinder, and on raising the 
piston, the fsul air is forced out of the cylinder by the large bent tube shown, 
into the discharge-pipe D, To the pump lever the usual cranks are connected 
for turning on and off the clean water, supplied by the small pipe which is shown 
bent round the cylinder, 

W ATER-COLOURS. Pigments in which water is employed as the vehicle 
% for paintii^ with, in contradistinction to oil-colours, wherein oil is the vehicle • 
the colouring matters are the same in both cases. For water-colour painting, 
the pi^ents are ground extremely fine, and made up into elegant little cakes, 
with mucilage or gelatine, and may be had at th% principal colour-shops in a state 
of great purity an^ beauty. See Painting. 

WATCR-MILp, is a general term applied to all mills moved by the force 
or weigtht of water ; many of the mills or machinery described in the course of this 
work would be popularly called by the indefinite term, water-mills. Now, the 
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modes of communicating the impulse of water to the dririnaj of machinery are 
various ; some of these are described under the head Hidkaulic-Mackines ; 
and amongst them one of great excellence, denominated the “ Statical Hydraulic > 
Engine and all that we have to add to the subject in this part of the work, 
will properly fall under the designation of Water-wheels, given in the sub- 
joined article : as it is by the application of wattr-wheels that mills become 
water-mills. 

WATER-WHEEL, in the common acceptation of the term, is an instrument 
by which the moving force of water is employed to communicate motion to 
machinery ; there is, however, another class of water-wheels, commonly called 
paddles, in which the water is employed as a stationary resisting force. The 
last mentioned class is described under the h^d of Steau-Vessels, in which it 
forms the most conspicuous feature. Under the present section we therefore 
confine our notice to the first-mentioned cla^s of water-wheels, of which there 
are three distinct kinds, namely, the undershot, the overshot, and the ireoit-wheel. 
(There is usually described in books upon the subject, a fourth kind, called the 
horixontal wheel ; but it is so disadvantageous an arrangement, compared to 
the three first mentioned kinds, that we shall exclude it from our description. 

The undershot water-wheel is that commonly used in rivers and streams, and 
is by far the most ancient kind ; it requires no other fall or inclination of the 
stream than may be sufficient to produce a rapid progressive motion on it; and as 
it acta chiefly by the momentum of the water, — its positive weight being scarcely 
called into action, — it is only fit to be used where there is a profusion of water 
always in motion. This wheel has, however, the advantageof being the cheapifest 
of all water-wheels, and is more applicable to rivers in their natural state than 
any other form. It likewise works equally well whether the water acts upon 
the one or the other side of its float-boards ; which renders it particularly applica- 
ble to tide rivers, where the current changes from one direction to the opposite 
one at ebb and flood. There are, however, some practical disadvantages attend- 
ing this form of wheel, when made of small diameter, or the increase of water 
causes a large wheel to be immersed too deeply. In either case the eflect is 
similar. Let us first suppose that the wheel delineated beneath, is immersed 



m water up to the dotted line^oi; the float-board 6 would press downward 
upon the water, while that at a, on the opposite side, would press the water 
upward ; now these two resisting forces combined, together with *e un- 

S a “■ neutralizfe the whole force 

that mmbt be derived from the current, if the water line was above the 
dotted Une c d. How in the other case of a wheel of small diameter,*^ such as 
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we will Buppose Ine dotted circle to represent, and the floats fixed radially 
around it, in the Ame manner and at the same distances'apart as in the large 
• wheel, it will be evident that a less number of floats will be submerged or exposed 
to the action of the current ; corfsequently, they will assume the same unfavour- 
able position as has been de|cribed, by the deep immersion of the large wheel ; 
and that, were the small whem immersed up to the line a 6, which is even with its 
axis, it would not move at all, as the force or weight of water on each side 
would be exactly balanced. Persona but little skilled in the principles of 
mechanics, have attempted to gain an advantage, by placing the float-boards 
tangentially to the circle, so that the floats shall leave the water edgeways, and 
not lift it up at aU, as in the one we have figured ; omitting to notice, or give 
due weight to the fact, that the fliUtts which are entering the water on the oppo- 
site side of such a wheel are, in consequence, posited so as to strike against the 
water with their broad sides, which thereby counterbalance the advant^e gained 
on the other ; and we submit to th^consideration of those mechanics who prefer 
the tangentid to the radial position of the floats, that it is less destructive to the 
wheel and all the mechanism to which it may be connected, to receive two equal 
concussions of small force on opposite resisting sides of the wheel, than one con- 
cussion of double the force upon only one side of the wheel ; the direct tendency, 
it appears to us, is to break the arms of the wheel, close to the axis. Whenever 
the weight and motion of water can be made use of as well as its momentum, 
much greater effects can be produced than the last described machine is capable 
of, and with a much less lavish expenditure of the fluid, for then its utmost 
powers-of action are brought into play at once ; and accordingly, those water- 
wheels that are distinguished by the name^of breast-wheels, and overshot wheels, 
will produce much greater power, with a much less supply of water, than the 
undershot wheel already described. Both these wheels, however, require a con- 
siderable fall in the stream upon which they are placed, and consequently de- 
stroy it for the purposes of navigation, unless that ingenious hydraulic contri- 
vance, the Canal Lock, be resorted to, by means of which barges or vessels of 
any magnitude may be transported from one level to another without difficulty, 
and with very little loss of time. The over-shot water-wheel, which of all others 



gives the greatest power with the least expense of water, requires a fall in the 
stream equal to rather more than its own diameter ; therefore it is customary to 
give this description of wheel a greater length in proportion to its height than is 
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given to any other, — by which an equality of power is obtajped. In the con- 
struction of the over-ehot wheel a hollow cylinder or drum tHat is impervious to 
water, is first prepared, and hung upon a proper central axis. A number of 
narrow troughs or cells, generally formed of thiu plates of metal, extending from 
one end of the drum to the other, are next fixed round the outside of the wheel, 
so as to give a transverse section through the middlS of the wheel the appearance 
shown in the preceding figure. The water is conducted by a level trough of 
the same width as the wheel, over its top, and is thence discharged into the 
buckets or cells placed round the wheel to receive it ; from the particular 
form of these buckets, they retain the water thus thrown into them, until 
by their motion they descend towards the point when, their mouths being 
turned downwards, they discharge their con^nts into the tail-stream, where 
the water runs to waste. The buckets on the opposite side of the wheel, 
ascend with their mouths empty, imtil they qrrive under the end of the water- 
trough, to be refilled, where there is a pen-stock or sluice, for regulating 
the quantity of water and preventing waste® since, if the water was permitted 
to flow too rapidly, it would splash out of the buckets instead of filling 
them, and would run down over the surface of the wheel, without producing 
its proper effect. To prevent this, the water is seldom permitted to run upon 
the wheel in a stream of more than from half an inch to an inch in thickness, 
and when well regulated there is scarcely a drop of water ineffectually used. 
The overshot wheel acts, therefore, by the gravity or weight of the water contained 
in the buckets, for nearly one-third of its circumference ; and from the experi- 
ments of Mr. Smeaton, which were made with great accuracy, it appears tBat 
the dimensions, quantity of water, and height of fall being the same, the over- 
shot wheel will produce double the effect of the under-shot. 

The breast-wheel is by far the most common, and may be considered as a 
mean between the two varieties before mentioned. In this, the water, instead 
of passing over the top of the wheel, or entirely beneath it, is delivered about 
half-way up it, or rather below the level of the a.xis ; and the race or brickwork 
upon which the water descends is built in a circiilar form, having the same 
common centre with the wheel itself, so a^ to make it parallel to the exterior 



edges of the float-boards, or extreme circumference of the wheel This con- 
struction is shown in file above figure, which represents a side-view of a wheel, 
formed with float-boards m the same manner as the undershot wheel • but in- 



WATER-WHEEL. 


861 


fit as accurately aJpossible, without contact, into the circular hollow of the brick- 
work, no water caMscape past the wheel, without producing ^ts proportionate effect. 

Mr. Smeaton sates, that all wheels by which the water is prevented from 
* descending, unless the wheel moves therewith, are to be considered of the nature 
of over-shot wheels, having power in proportion to the perpendicular height 
from which the water descends ; while all those that receive the impulse or 
shock of the water, whether in an horizontal, perpendicular, or oblique direction, 
are to be considered as under-shots. The breast-wheel is nearly allied to the 
over-shot ; for notwithstanding it has only float-boards, instead of buckets, yet 
as the mill-course is made concentric to the outside of the wheel, and is not 
only there, but at the two sides, made as close as convenient, so as to prevent 
the escape of water as effectually as possible, the spaces between one float- board,, 
and another, become buckets for <he time being, and retain the water, and thus 
the breast-wheel is not only impelled by the weight of water, but by its impetus 
or momentum also ; for the watei* is so confined, as to be incapable of splashing 
or being lost, and consequently, itsynoving force may be exerted to great advan- 
tage. Notwithstanding this apparent superiority, still the breast-wheel is, in 
effect, vastly inferior to the over-shot wheel, not only on account of the smaller 
height at which the water fis supplied, but from the waste with which it must 
always be attended, even under circumstances of the most perfect workmanship. 
When well-constructed, and closely built in, its effect, according to Mr. Smeaton, 
should be the same as an under-shot wheel, whose head of water is equal to the 
diJierence of level between the surface of the stream and tho point where it 
stgkes the wheel, added to the effect of an over-shot wheel, whose height is 
equal "to the distance from the striking point, to the tail-water of the mill, or 
that which runs to waste. This is, however, on the presumption that the wheel 
receives the impulse of the water at right angles to its radii, and that every 
thing is constructed to the best advantage. In practice, it is found that the 
breast-wheel consumes about double the quantity of water that the over-shot 
wheel requires, to do the same quantita of work, when all things are alike, — that 
is to say, the diameter and breath of the wheel, number of float-boards, &c., — 
though from theory and calculation, it should rather do more ; for Lambert, and 
others who have written on this subject, attempt to demonstrate, that the power 
of the over-shot, to that of the breast-wheel, is as thirteen to five; but mis is 
upon a supposition, that no water escapes ineffectually, which is utterly impos- 
• sible in practice. In order to permit any of the above wheels to work with 
freedom, and to the greatest advantage, it is absolutely necessary that the tail- 
water, as it is called, or that which is discharged from the bottom of tho wheel, 
after it has produced its effect, should have an uninterrupted passage to run 
away^ for whenever this b not the case, it accumulates, and forms a resistance 
to the float-boards, — and consequently, abstracts considerably from the velocity 
aqd power of the wheel, sometimes indeed to so great an extent, as to prevent 
its working altogether. One of the simplest and most effectual means of remov- 
ing this inconvenience, (says the author of the Treatise on Hydraulics, in the 
“ Library of Us^l Knowledge," for whose observations we are largely indebted 
in the preseht article,) is by an expedient, not much known or practised, and 
which consbts of forming two drains or tunnels through the brickwork or 
masonry, at each side of the water-wheel, whatever may be its construction, so 
as to permil a portion of the upper water to flow down into the tail or lower 
stream immediately in front of the wheel. The water thus brought down with 
great impetuosity, drives the tail-water before it, in such a manner as to form 
a basin or hollow place, in which the wheel can work free from interruption, 
even if the natural state of the water were such as might produce a tailing of 
from tweJVe to eighteen inches, without this assbtance. And since the tailing 
of miO-sUreams only occurs in the winter seasons, or at times when there is a 
profusion of water, so the quantity that is thu^ thrown away without operating 
upon the wheel, can he spared without inconvenience. Each of the drains or 
tunnelwis furnishefi with a sluice-gate or pen-stock at its upper end, by which 
the quantity and impetus of the water can be regulated at pleasure, or the whole 
be shut off, whenever water happens to be scarce. 
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The three varieties of water-wheels already noticed, are thi only ones gene- 
« ally admitted into practice, and they do not admit of much improvement, since 
iheir principles must always remain the same. The over-shot wheel has, 
perhaps, been brought nearer to perfection than any of the others, by the con- 
trivance of Peter Nouaille, Esq. who, in a mill that he has near Seven Oaks, in 
Kent, has caused the water to revert back again Trom the top of the wheel, 
instead of passing over it ; and in this way a much greater portion of the cir- 
cumference of the wheel is brought into action than is generally the case. 
Other improvements or variations in the form and construction of water-wheels, 
have been contrived by Mr. Besant, Mr. Smart, Mr. Perkins, and others, which 
wili be found described in the Trantactioru of the Society for the Encoiaragement 
■ of Arts, Manufactures, and Commerce ; the ol^ect of them principally being to 
obtain as much force as possible from the water, by arranging the forms of the 
buckets or float-boards, in such manner that thejf may receive the greatest impulse 
or retain the greatest quantity of water, which is of great importance, particui 
iarly in the construction of imder-shot wheels, which act by the impulse of the 
water alone. The over-shot wheel depends entirely on the weight of the water 
delivered into its buckets, which ought, therefore, to be as capacious*^ they 
can conveniently be made, — not only that they may contain as much water ds 
possible, but allow ample room for the discharge of the air that will be thrown 
into them with the water, as well as for the delivery of that water, when done 
with. From the nature of a water-wheel, it will be evident, that if it had no 
work to perform, or resistance to overcome, it would move with the same 
velocity as the stream that drives it ; while, on the contrary, if it was Ipadhd 
with a quantity of resistance, equal to the power of the stream, it could not move 
at all : hence, every degree of resistance between these extremes, will produce 
its proportionate retardation of the wheel ; and from accurate experiments which 
have been tried, it has been determined, that an under-shot wheel does its maxi- 
mum quantity of work, when its circumference moves with between one-half 
and one-third of the velocity of the stream that drives it. The over-shot wheel 
cannot be so influenced by the velocity of the water, because it requires all its 
buckets or cells to be filled in succession;. and Mr. Smeaton has determined, 
that the best velocity to efiect the above purpose, is three feet in a second. 
Having, therefore, previously determined the quantity of water which the 
stream will deliver in a given time, it becomes a matter of easy calculation to 
determine the length and capacity of the buckets which shall be capable of 
carrying ofi^ the water at that velocity'. Thus, for example, if the stream is fou'nd 
to deliver ninety'-six gallons per second, and it is determined to make the 
buckets on the wheel six inches apart from one partition to another, and fifteen 
inches deep, then six such buckets will be contained in every three feet of the 
wheel therefore, ninety-six gallons must be divided by six buckets, which 
gives sixteen gallons for the contents of each. It will, therefore, only remafti 
to be determined, how long a vessel of six inches wide, and fifteen inches deep, 
must be, to contain sixteen gallons, and this will, of course, give the necessary 
width of the wheel, while the num^r of buckets must depend upon #he circum- 
ference, which is always limited by the diameter, being.the extreme height, (if 
necessary,) that can be obtained in the fall of water ; for the larger the wheel, 
the greater will be the power derived from it, provided a due velocity can be 
maintained at the same time ; because the power of water on wheels, is as the 
square root of Ae height it falls Arough, it being regulated by Ae same laws 
as apply to solid bodies in falling. The power of every wheel, of course, depends 
upon Ae quanUty of water thrown upon it, and Ae height from which it has to 
fall ; but as every bucket must be filled, or every float-board struck by Ae water 
in succession, so, of course, if Ae wheel is too large, it will move too slowly for 
Ae purpose for which it is inten&d ; and, in this case, the speed must be faised 
by cog-wheels within the mill, triuch, on the common principle of mechanics, 
m^t disrate Ae power intended to ^ gamed by Ae magnitude of the water- 
wheel. Hence, great attention should be paid m the construction of mils, to 
let the size of the water-wheel Ite well-proportioned, not only to Ae veS ot 
the stream, but to the speed of Ae work it is required to perform ■ and this may 
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always be accompl^hed without waste or difference of power, by using a wider 
wheel of small dlt^eter, where great speed is necessary, ^or a narrow wheel of 
, great diameter, when this is not essential. In every case, the full power of a 
stream should be taken advantiige of, in the first erection of a mill, because it 
is a troublesome and expensive operation to increase the power of a mili, when 
once built ; and'power is always valuable. 

Mr. Banks, in his excellent Treatise upon Mills, gives many useful practical 
rules; from amongst which the following is selected. Being simple, it may 
prove useful for determining the quantity of water that will flow through a 
sluice or pen-stock upon a wheel, with sufficient accuracy for most purposes, 
because the whole motion of a stream must not be taken when it is principally 
dammed or stopped, and only permitted to flow through a small orifice, to pro- ^ 
duce mechanical effect. * 


Rtde . — Measure the depth from the surface of the water to the centre of the 
orifice of discharge, in feet, and extract the square root of that depth ; multiply 
it by 5.4, which will give the velocky in feet per second, and this, multiplied by 
the area of the orifice (ako in feet,) will give the number of cubic feet which 
will flow through in a second. From knowing the quantity of water dis- 
chai^ed, and the height of fall, not only the size of the wheel, but its extent of 
power may be calculated ; for, in the undershot wheel, the power is to the 
effect nearly as 3 to 1 ; while in the over-shot wheel it is double, or as 3 to 2. 

^WATER-WORKS, denote all manner of works employed in raising or sus- 
taining water ; in which sense water-mills of all kinds, pumps, wheels, hydraulic 
enfflnes, sluices, aqueducts, &c., described in various parts of the work, may be 
called frater-works. The various water-works in and about London consist of 


pumps worked by steam-engines. The principal are those of the New River 
Company, whose works at Clerkenwell and Upper Thames-street, are said to 
furnish daily to 67,000 houses, 13,000,000 of gallons; the East London water- 
works, situated at Old Ford, also daily supply to 42,000 houses, 6,000,000 of 
gallons ; the West Middlesex works at Hammersmith, to 15,000 houses, 2,250,000 

f allons ; the Chelsea works to 12,400 houses, 1,760,000 gallons ; The Grand 
unction, also at Chelsea, to 7,700 houses, 2,800,000 gallons. From which 
statement it appears that the portion df the town on the north side of the Thames 
is supplied daily with about 26,000,000 gallons of water, and that the total 
number of buildings of ali kinds receiving this supply amounts to about 144,000 
The water is, from the great demand of certain factories, and various other cir- 
cumstances, very unequally distributed ; but the average consumption for each 
house is about 180 gallons. Of this water, more than one half of which is derived 
from the Thames, a large portion is delivered at very considerable elevations 
above’the level of the river, even to the tops of the highest houses in the hii^hest 
parts of London, by means of force pumps, called Siojiigh service, for which 
distinct service fifteen steam-engines are employed, exerting a power of 1105 
horses. 


On the south side of London, there are three water-companies, namely, the 
Lambeth, the Vauxhall or South London, and the Southwark. The Lambeth 
water-works hre situated upon the banks of the Thames, and the water is forced 
immediately from the river into the mains, and thence distributed to 16,000 
tenants, wh^consume 1,244,000 gallons daily. The Vauxhall, or South Loiidon 
works, situated in Kennington Lane, have about 10,000 tenants, who daily con- 
sume about 1,000,000 gallons. The Southwark works, upon the banks of the 
river, between Southwark and London bridges, supply about 7,000 tenants with 
720,000 gallons of water. Each of these establishments has two engines, the 
aggregate power of which is about 235 horses. The whole of the water amounts 
to nearly t^OOOOOO gallons, supplied to 33,000 tenants. The total quantity of 
water Beqpired for the whole metropolis, north and south of the Thames is 
therefore about 29,000,000, supplied to 177,00(J houses or tenants, making an 
average quantity of 170 gallons to each daily ! ° 

We have thus gfren a summary of a more voluminous statement that has ap- 
peared in most of’the scientific journals, professedly derived from the printed 
report of a parliamentary commission, appointed a few years ago to inquire into 



!, iilsn of the water-wheel. n, plan of the pump. 

?, crank-wheel. K, the fore-bav, which supplies the wheel and pump, 
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the subject. But wif tbink that every resident of London^ after a moment’s 
consideration of the statement made out ly the water companies, of their supply, 
will deem it to be a most overcharged statement of facts. Our own observation 
upon a great number of houses, leads us to the conclusion, that instead of 170 
gallons to each house daily, these is not that quantity delivered weelely in a majority 
of cases, or upon an average of the whole. If the water were turned on daily to all 
the tenants, and the discharge-cocks to all the joipes were pr, 1 1 r.l< d from shiiliiujr 
during the p^od of “laying on,” the pipes would be cajoib'c oC d. !ii( ring I'lif 
quantity mentioned. But the facts are, that a great number of the cocks are 
shut, the cisterns being full ; that the majority of them are only open for a few 
minutes,^ to receive an addition of a few gallons ; and that, so far from being a 
daily supply to all, the third, fourtWf and fifth-rate houses (which constitute the 
majority,) receive their supplies but twice a tveek at the utmost, and many of 
them but once. The official statemefits appear to us to be so grossly incorrect that 
we have not thought it needful to entsr into a minute investigation. Nevertheless, 
we consider the supply generally to be abundant for all the purposes of health 
and comfijrt. We have already observed, that pumps are the machines now 
UsuaUg employed in water-works, for raising the water ; and these pumps are 
generally worked either by steam or a fall of water. Having in other parts of 
this work treated of the constituents of water-works, we shall conclude this 
article by a brief notice of the water-works lately erected to supply the city of 
Philadelphia with pure fresh water, and which have been described in the recent 
scientific journals. “These works,” Dr. Jones states, “ have been admired by 
all who have seen them, as monuments both of the taste and skill of the per- 
sons concerned in the plan and erection of the buildings, and in the construc- 
tion and executing of the machinery.” The establishment is at Fair-mount, 
five miles above the city, at (he Falls of the Schuylkill. The entire expense, 
including the purchase of the site, is 426,330 dollars. The water power created 
is calculated to be equal to raise into the reservoir, by eight wheels and pumps. 
Upwards of ten millions of gallons daily, and it is estimated that 40 gallons upon 
the wheel will raise one into the reservoir. There are two reservoirs, one having 
the capacity of three millions of gallons, and the other of four millions. The 
water is raised 56 feet above the highest ground in the city, and is conveyed and 
distributed in cast iron pipes of American manufacture. A plan and section of 
• the pumps and water-wheels are given in the foregoing page. The pumps are 
what^e called double forcing-pumps, (see the article Pomps,) producing an 
equal effect in raising water, in whichever way the piston moves. The working 
barrel is 16 inches in diameter in the clear, and the half stroke of the pump is 
five feot, giving a ten-feet stroke for each revolution of the watep-wheel, of which 
there are thirteen in a minute. The water is forced to a pei’pendicular height 
of feet, through mains of nearly 300 feet in length. The quantity raised by 
one pump, in 24 hours, is upwards of IJ millions of gallons, ale measure. 

Dr. Buchanan, in his Journey from Madras through the countries of Mysore, 
&c. gives a description of the Saymbrumbacum tank near Madras, which ap- 
pears to ns w»ll deserving of the attention of persons interested in the construc- 
tion of water-works, as there are probably situations in this country where similar 
advantagesjjuight be taken of the natural configuration of the hiUy districts. The 
Saymbrumbahum tank has not been formed by digging, like those in Bengal, 
but b}' shutting up, with an artificial bank, an opening between two natural 
ridges of ground. The sheet is said to be seven or eight miles in length, and 
three in width, and in the dry season is let out in small streams, as wanted, for 
imgation. In the rainy season it receives a supply of water from the river Chir- 
'siadi, and fifcm several small streams that are collected by a canal. It is provided, in 
differepj ^aces, with sluices or weirs, of stone, which are from 20 to 30 feet wide, 
and some Teetlower than the other parts. On the surface they are strongly fortified 
by large atones, placed in a sloping direction, so*that the water rushes over with- 
out undermining the bank, and is conveyed away from the fields by a canal. 
This is a matter of the utmost importance, as there are instances where, the 
banks of these large tanks having given way, whole villages have been destroyed 
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by the torrent. In order, however, that when there is plelty of rain the tank 
may be completely filled, a row of stone pillars is placed on the top of the 
sluices (weirs) ; and on the water rising to a level with their base, a temporary 
wall is formed of mud, sticks, and straw, placed between the pillars so as to con- 
fine the water till it rises as high as the top of the bank. People watch this 
night and day, in order to break down the temporary bank should any additional 
rain endanger the whole. The water is let out to supply the fields, by a sluice 
lined with cut stone or bricks, formed through the bank, on a level with the 
country. The inner end of this sluice is covered by a flat stone, in which is cut 
a conical opening, that can be shut or opened by a conical plug or valve, fixed 
to a bamboo sta^ and which is secured in jts place by passing through holes 
made in cross guiding-bars, let into two pillars of stone, which rise above the 
level of the water in the tank. This tank is said to be suflicient to supply with 
water the lands of thirty-two villages, for eigfi teen months, should the rains faU ; 
such a reservoir is therefore of inestimable Value. 

WAX. An oily concrete matter, usually considered to be gathered by bees 
from plants ; though Huber, who was a close observer of nature, and the habits 
of bees in particular, asserts that wax is an artificial production, made by ‘the 
bees from the honey they collect ; that they cannot procure it, unless they have 
honey or sugar for the purpose ; and that raw sugar aflbrds more than honey. 
Wax was long considered to be a resin, from some properties which it possesses 
in common with resins. Macquer found that wax resembles resin only in being 
an oil, rendered concrete by an acid ; but that it differs essentially frogi tUese 
in the kind of the oil, which, in resins, is of the nature of essential oils, while in 
wax, and other analogous oily concretions, (as butter of cocoa, butter of milk, 
fat of animals, spermaceti, myrtle wax,) it is of the nature of mild unctuous oils, 
that are not aromatic, and not volatile, and are obtained firom vegetables, by 
expression. Dr. Ure considers it probable, that the acidifying principle, or 
oxygen, and not an actual acid, may be the leading cause of the solidity, or low 
fusibility of wax ; but it has been observed, that by digesting the nitric or 
muriatic acid upon fixed oils, the oils pasp into a state resembling wax. The 
natural colour of wax is yellow, and it is whitened by exposure, in thin laminse, 
to the air and sun. Alkalies dissolve wax, and render it miscible in water. In 
China and North America, wax is procured directly from plants, and is then „ 
called vegetable-wax. In order to obtain bees’ wax in a pure state, what remains 
of the combs, after separating the honey, is put into a copper, with a quantity 
of water, which is made to boil over a slow fire, and stirred frequently with a 
stick. When the wax has been thus thoroughly melted, it is strained tl)rough 
canvas bags, and the residue in the bags is farced out by a press, whilst hot, and 
received into a vessel of water. When all the wax has been thus'cleared of the 
grosser impurities, it is again melted over water, and the scum which arisek in 
the boiling is carefully skimmed off ; after which, it is poured into pans or 
moulds of the size required, to solidify. Wax keeps better in large cakes than 
small ones : any sediment that may remain at the bottom of the cakes is scraped 
off before bleaching. 

The ordinary process of bleaching wax, consists in first melting it at a loW 
heat, in a cauldron, from whence it is allowed to run out by a pipe at the bottom, 
into a capacious vessel filled with cold water, in which is fitted a large wooden 
cylinder, that is made to turn round continually on its axis, upon which the 
melted wax falls. The surface of the cylinder being constantly wet, the wax 
does not adhere to it, but lays solid and flat, acquiring the form of ribbands. 
The continual rotation of the cylinder carries off these ribbands as fiist as they^* 
are formed, and distributes them through the tub. The wax is then put upon 
large frames covered with linen cloth, which are supported about eighteen inches 
above the ground, in situations et.-posed to the air, dew, and the sun. The thick- 
ness of the several ribbands, thus placed upon the frames, qiight not to exceed 
an inch and a halt and they ought to be removed from tinvi to time m order 
that they may all be equally exposed to the action of the air. If the weather 
be favourable, the colour i^l be changed in a few days. It is then to be 
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re-melted, formea into ribbands, and exposed to the air at before. These opera- 
• tions are to be repeated, until the wax is rendered perfectly white ; after which 
it is to be melted into cakes, ot'formed into candles. 

Of late years, the sulphuric acid, and other chemical agents, have been pro- 
posed for shortening the process of bleaching wax, but we are inclined to believe 
that they have not been successfully carried into practice, as the manufacturers, 
we are informed, adhere to the old process above described. To what extent 
chlorine has been applied to this purpose, or in what manner, we are not in- 
formed ; but the process employed by Mr. Davidson, of Glasgow, and recently 
patented by him, is stated, in the specification, to be as follows : — 

“ The wax or tallaw is heatedi to about the temperature of boiling water, iiP' 
an iron vessel lined with lead, when the oxymuriate of lime, (chloride of lime,) 
or the oxymuriate of magnesia, /chloride of magnesia,) is to be added, either in 
solution with water, or in the dry state, and then intimately mixed and well 
stirred up with a wooden spatula. When these materials have acted upon each 
other a sufficient length of time to discharge the colour from the wax or tallow, 
the lime or magnesia is to be removed, by adding dilute sulphuric acid, or some 
otlfer acid possessing a greater affinity for those earths than chlorine. The 
whole is then to be boiled, until the earth employed is separated.” 

For the bleaching of wax, the solution of the chloride is to be in the propor- 
tiem of from 14 to 28 pounds of the salt, to 112[pounds of water; andan equal 
q^ntity by weighty of the solution and of the wax, to be employed in the pro- 
cess. » The sulphuric acid should be of the specific gravity 1.8485, and be diluted 
with from twenty to thirty times its weight of water. 

For the bleaching of tallow, a solution of chlorine, of less strength than tlie 
•hore^ will suffice, and the sulphuric acid should be more plentifully diluted : but 
the proportions necessary, will vary both in the wax and the tallow, according 
to the quantity of colouring matter that may be combined with them. The 
following formulae for the composition of Uie various kinds of sealing-wax, will 
not be out of place : — 

The best hard red wax for sealing letters : — Mix two parts of shell-lac, well 
powdered, with resin and vermilion, each one part, and melt this combined 
powder over a very gentle fire : when the ingreffients are thoroughly incorpo- 
rated, work the mass into sticks. Seed-lac may be substituted for shell-lac ; 
aiffi instead of resin, boiled Venice turpentine may be used. Coarse hard red 
sealing-wax ; — Mix two parts of resin, one part of shell-lac, vennilion and red- 
lead together one part ; the latter in the proportion of one of vermilion to two 
of the red-lead. For a cheaper kind, the vermilion may be omitted, and for 
very coarse uses, the shell-lac also. Black sealing-wax is made in the same 
manner as red, with the exception of the colouring ; th* colouring ingredient for 
Slack wax, being the finest ivory black. Hard green sealing wax is the same 
mixture of resins and gum-resins as before-mentioned ; the colouring ingredient 
is powdered verdigris ; for a brighter colour, crj'stals of verdigris. Blue sealing- 
wax : — Us* smalts, light blue verditer, or a mixture of both. Yellow sealing- 
wax : — Use massicott; for a fine bright yellow, turbith mineraL Purple 
sealing-wax : — Use half vennilion, and half smalts, or red and blue in various 
proportions, according to the tint required. 

Particular attention should be paid to the ingredients, while over the fire, 
that no tpore heat be given than is just sufficient for them to melt, and be 
thoroughly incorporated. The wax is formed into sticks, by rolling it on a 
copper plate or stone, with a rolling-board lined with copper or tin, into rolls of 
any required size. The polish or gloss is given afterwards, by placing the sticks 
of wax over a fire in a small stove, which is provided with a suitable apparatus 
for pladng and turning them in that situation, where the heat given to them 
is just sufficient to melt the surface of the wa«, and produce the gloss. 

A patent was ^-ecently taken out by Mr. Wason, of the Middle Temp.e, for 
introducing a sipall wick into the middle of the sticks of wa.x, for the conve- 
nience of sealing letters. These sealing-wax candles we do not, however per- 
ceive in the shops. ’ ” 

WEAVING, is the art of working a web of cloth from silk, cotton, or oth.cr 



t 


868 WEAVING. 

fibrous thread, in a l8om, with a shuttle. The principle of tBe art may be said 
to consist in crossing two sets of threads at right angles to each other ; and it 
was probably first conducted in an extremely coarse and simple manner, like 
the interlacing or platting of rushes to form majs. An uninformed savage 
having efiected thus 'much, would naturally be led to operate upon finer 
materials, which nature might present to his hands, and he would be able to 
weave them with the same, or nearly the same facility, as he did the coarse 
matting ; the assistance which he might receive from a fellow-labourer, in 
perhaps opening the threads of Iris warp with a piece of stick, or in thrusting 
^ the weft through its interstices ; would naturally suggest the use of sticks, for 
opening the alternate threads of the warp, anS heating up the weft. For want 
of assistance, our primeval weaver might fasten the ends of his warp, which we 
will conceive to have been long stripes of the isner bark, to the stumps or boughs 
of trees. With his sticks he would then batable to operate with comparative 
rapidity and excellence ; and as it could not fail to escape his notice, nor that 
of the hy-standers, that the alternate threads of the warp, divided ^to two 
distinct sets, were alternately raised and depressed by the sticks, and that, sq^ijp- 
times, from accidental circumstances, some of the threads of the warp were 
raised or depressed by a pull instead of a push ; hence we may imagine that 
some contrivance resembling or performing the same office as the treadles or 
lams of our present looms, were resorted to ; thus we have a complete, though 
rude machine, excepting the shuttle; the gradual steps to which preyy 
contrivance must obviously have been made, by the weaver first poking? next 
sliding, and, finally, as his manual dexterity increased, throwing the weft 
As the earljr history of weaving is involved in total obscurity, we have thus 
endeavoured to trace the probable origin and earliest practice of the invention, 
and at the same time explain the really simple process of which plain weaving 
consists. In fact, the process is even now conducted in India, and many of the 
eastern nations, by similar means ; the weaver performs his labour in the open 
air, choosing his station under trees, whose shade may protect him from the 
scorching rays of the sun. Here extending the threads which compose the 
warp of his intended cloth lengthwise, between two bamboo rollers, which are 
fastened to the turf by wooden pins, he digs a hole in the earth large enough to 
contain his legs when in a sitting posture ; then, suspending to the branch of a 
tree the cords which are intended to cause the reciprocal rising and depressing 
of the alteniate threads of his warp, he fixes underneath, and connected with 
the cords, two loops, into which, inserting the great toe of either foot, he is 
ready to commence his operations. The shuttle with which he causes the .cross 
threads or woof to interlace the warp, is in foAn like the knitting needle, and, 
being somewhat longer than the breadth of the warp, is made to perform tlje 
office of a baton, by striking the threads of the woof close up to each other. 
With this rude apparatus the patient Indian succeeds in weaving fabrics which, 
for delicacy of texture, cannot be surpassed, and can hardly be rivalled, by the 
European weaver, even when his labours are aided bv the most elaborate 
machinery. 

The machinery by which the process of weaving is conducted in this county 
varies but little, whatever may be the material of the fabric ; the djfference in 
looms for weaving silk or wool, chiefly consisting in the greater stability and 
strength of the latter, on account of the greater coarseness and elasticity of fibr oT 
and the thickness of the cloth woven. 

Of late years there have been numerous and great improvements in weaving 
machinery, and these have, to a great degree, superseded the mechanism of the 
last century. Nevertheless, the old-fashioned common loom, for weaving plain 
silks, being still extensively used, especially in Spitajfields, we shall commence 
our account of the mechanism employed, by riving a description of it. 

A, in the annexed figure, is a roller called the cloth-beam, or which the cloth 
is wound as it is wove ; at one end it has a ratchet wheelf and a click, to 
prevent its running back ; at the same end it has also four holes in it, and is 
turned by putting a stick in these holes : at the other end of the loom is 
another roller I, on which the yarn is wound ; this has two small cords i h 



WEiVVING. 


869 


wrapped round it| the ends of which are attached to % bar d, which has a 
« weight hung to it ; by this means a resistance is caused, which prevents the 
roller I tiuming by accident. 1^/ are called lames ; they are each composed of 
a pair of sticks, between which are fastened a great number of threads ; to the 
bar e are fastened two cords’^? I, which pass over pulleys, and are fastened to the 
bar h of the lame F ; the lower bars of each lame are connected by cords with 
the treadles G H ; the workman sits on the seat P, and places his feet upon 
these treadles : as they are connected together by the cords ^ when he presses 
down one, it will raise the other, and the lames with them ; a great number of 
threads, according to the width of the cloth, are wound round the yarn 
beam I and are stretched to th| cloth-beam A ; the middle of the threads - 



which compose the lames E F, have loops called eyes in them, through 
which the threads between the rollers, -which are called the warp, are passed ; 
the first thread of the warp goes through the loops of the lame E, the next 
attached to the lame F, and so on alternately ; by this means, when the weaver 
presses down one of the treadles with his foot, and raises the other, one lame 
draws up every other thread, and the other sinks all the rest, so as to make an 
opening between the sets of thread. L L is a frame moving on a centre at the 
top of the frame of the loom ; L L are the two uprigjjts of the frame ; I is the 
b%r that connects them ; M is a frame carrying a great number of pieces of 
split reed, or sometimes fine wire, at equal distances ; between these the threads 
of the warp are passed; the frame being supported by a piece of wood called 
the shuttle-race, which is fastened into the front of the pieces L L ; each end 
of this piece has boards nailed to the sides, so as to form troughs ; at a small 
distance above these are fixed two very smooth wires ; their use is to guide the 
two pieces p q, called peckers or drivers ; to each of these pieces a string is 
fastened; and these strings are tied to a piece of wood, which the weaver 
holds in his hand, and, by snatching the stick to either side, draws the pecker 
forwards Very quick, and gives the shuttle (which is to be laid in the trough 
before the pecker,) a smart blow, and drives it along across the race m into the 
other trqjigh, where it pushes the pecker along to the end of the wire, ready for 
the next stroke, which throws it back again, and so on. The ends of the 
shuttle ^e pointed with iron ; it has a large mortise through the middle of it, 
in which is placed a quill containing the yaiqj ; also a glass eye, having a hole 
in it, through which comes the end of the thread ; and two small wheels to 
mak#it run easily on the race. The operations are as follow : — The workman 
sitting upon the’seat P, holds the stick in his right hand, and takes hold of 
one of the bars of the frame L L with his left ; presses his foot on one of the 
treadles G H, which by means of the lambs E F, as before described, divides 
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the warp ; he then Relieves the treadle he before kept downa and presses down 
the other ; while be Is doing this, he with his left band draws the frame L L , , 
towards him, and then returns it The use of this is to beat the last thread 
thrown by the shuttle close up to the one that was thrown before it, by the split 
reeds. As soon as he has brought the frame L L«back to its original position, 
and again divided the warp by the treadle, he throws the shuttle again ; when 
he has in this manner finished about twelve or fourteen inches of cloth, he winds 
it by turning the roller A with the stick, as before described. • Some very 
expert weavers will throw the shuttle, and perform the other operations, at the 
rate of 120 times per minute. 

In shuttles of the common kind, great difficulties have been experienced in 
causing the thread or yarn to come off the bobbin or shuttle-cap with an uniform 
tension, without which it is impossible to produce agood and even cloth ; to remedy 
this defect, Mr. Gosset, of Clerkenwell GreSn, lately invented an improved 
shuttle, for which he obtained a patent; and' as the construction of these shuttles 
renders them equally applicable to weaving all kinds of materials, including the 
metallic cloth, or wire gauze, we annex the following description of them, from 
the specification : — ’ 

In the annexed figures, 1 represents a longitudinal section, and 2 a transverse 
section of the improved shuttle ; in this example, adapted to the weaving of 
metallic fabrics, or other stiff materials, a a is the body of the shuttle, made 
of hard wood, and tipped with metal at the extremities, as usual ; b is the bobbin 
or weft toller, made like a pulley, and turning upon a polished pin passing 



through its axis, in the morticed cavity c, made in the side of the shuttle ; the 
pin b is adapted to be taken out easily, that the bobbin may be removed or 
changed with facility, as often as may be desired ; d is the regulating spring 
before mentioned, the ends of which are bent round and fixed, by driving t^em 
into the wood. To this large spring is fixed a smaller spring e, so curved as to 
bear and press upon the upper surface of the bobbin ; at/ is an adjusting screw, 
the head of which is sunk into the upper part of the regulating spring d, ts pre- 
vent its becoming entangled with the threads of the warp ; the point of this 
screw is inserted, and works in a fixed nut in the inside of the shuttle, so th,^t, 
when it is turned, the small curved spring is caused to press with more or less 
force upon the surface of the bobbin, thereby creating a greater or less degree of 
resistance for regulating the tension at which the yam shall be drawn off the 
bobbin, and through the eye g, of the shuttle. The upper and lower surfaces 
of the shuttle are formed concave, (as shown by Fig. 2,) in order that the head 
of the adjusting spring may be sunk within it, so as to prevent their coming in 
contact with the threads of the warp. The regulating spring is in* some cases 
applied by the patentee within the cavity c, when a hole is made in the upper part 
of the shuttle, for the insertion of a turn-screw, to operate upon the head of the 
screw f, and regulate the tension. By another modification, the patentee forms 
the shuttle like a box, with the lid sliding in grooves, or hinged on ; in which 
case the regulating spring is to be fixed on the lid, or one of the sides? so as to “ 
give the required pressure to the bobbin. In weaving articles of stiff wire, with 
this improved shuttle, a casing or tube of some elastic substance is emjfioyed to 
surround the bobbin, shown by dotted lines ; this tube has an opening or slit on 
one side, for the wire to pass through ; and by closely embrf cing the bobbin, 
prevents the coil of wire from unwinding, becoming loose, or entangM, and 
allows it to be drawn off evenly and regularly, as it may be required. When 
the wire is very stiff and bai^ the patentee recommends the employmient of a 
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pair of small steelarollera, to be fixed near the eye-holes, ^by which means the 
, wire will run out with considerably less friction. 

The annexed form of shuttle, is adapted to the weaving of fabrics of silk or 
any other material. It is hollowed out, as described in the former, for the re- 
ception of the bobbins, which are three in number; these bobbins being charged 
with the thread or yam, may be worked, one after another, with the same 
coloured thread, or with thread of different colours successively, for weaving 


figured goods; and when it is necessary to change the colour, it will only be 
requisite to break off the end of* the weft done with, and draw the end of the 
other colour through its eye or opdhiug. The springs and screws in this shuttle 
are similar to those described in the first-mentioned shuttle, and therefore need 
not be particularized again. Any number of bobbins may be employed in these 
slwittles, according as the nature of the work may render desirable. 

Power-looms, or such as are worked without the intervention of manual 
labour, were first suggested by Vaucausin, in 1747, but the subject was neglected 
until the year 1784, when the idea occurred to the Rev. Edmund Cartwright, 
of weaving by power, in consequence, it appears, of the success of Awkwright in 
spinning by power. He commenced the construction of a loom, which, although 
a verj^ clumsy machine, satisfied him of the practical efficiency of the principle ; 
and accordingly he took a patent for his invention, in 1785, and subsequently 
he obtained a aeries of fresh patents for auccesive improvements upon the originm 
plan. At length, in 1790, the first manufactory with power-looms was established 
at Doncaster, in Yorkshire, which was worked by a steam-engine ; and in it 
were made muslins, calicoes, and other fabrics, equal to those made by hand- 
looms. Shortly afterwards, a Mr. Grimshaw attempted the introduction of 
Cartwright’s power-looms into Manchester; a large factory was erected, and 
partly furnished with the machinery,*when the whole was burnt to the ground, sup- 
posed to be the act of incendiaries. This circumstance deterred other manufacturers 
from adopting power-looms, for a considerable time ; and the prosecution of this 
important invention was probably in a great measure delayed by the indifi’erence 
mdhifested by Mr. Cartwright himself to the matter, owing to his mind having be- 
come absorbed in other inventions, from which he expected moregratifyingresults. 
These obstacles, which beset the invention of the power-loom at the early stage 
of its introduction, were by degrees surmounted, and manufacturers vied with 
each other in effecting and maturing improvements in^ts details, which became 
the subjects of very numerous patents. A faithful description of only the merito- 
rious portion of the mechanical combinations and curious movements that the 
power-loom has been the cause of bringing into operation, would alone fiU a 
large volume. In making a selection, therefore, of one or two of those inven- 
tions for illustration, the reader must not consider them as detracting from the 
merits of others, as there are many of equal intrinsic worth. 

The firs^ power-loom we shall describe was patented by Mr. Kendall, of 
Paternoster-row, in the year 1825 : our attention was drawn to the subject of 
it by the following notice of the invention in the Times newspaper, on the 24th 
of June, t836. “ This loom,” the editor observes, “ b effectual and simple : a 

boy of twelve years of age, with a proper fly-wheel, would find no dilBcidty in 
turning six or eight of them. The number of looms one weaver is capable of 
working, must depend on two principal objects. The quality of the goods 
manufagtured, and the quality of the materials made use of, varying firom two 
to five looms, such as persians, sarcenets, Iqyantines, and poor satins, which, 
with good materials, require Uttle attention. Rich works, with an able weaver, 
and gbod materills, will be able to work two looms, with an addition of some 
light work before* mentioned. The work is, of course, better than that performed 
according to the old plan, by hand, — the machine acting more steadily, and 
operating with less of stickings.” Having called upon the patentee, in conse- 
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queiice of the foregoing remarks, he very politely afibrded us demonstrative 
proofo the correctness of the foregoing statement, by allowing us to turn a 
winch, by which two looms were put into operation, and we wove thereby a 
porUon of two very rich figured silks, with so much ease as to require the 
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anoUrf distinctly from the'povver 
apphed, it is m all respects of the same construction, and operates exacdv the 
same as the common hand-loom; and every description of fabrics can iif like 
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manner be woven by it: herein consists one of its chief excellencies; for a 
weaver, who has |ever seen a power-loom in his life, ijay at once proceed, 
»without any instruction, to arrange the several matters preparatory to the act of 
weaving, in the manner he has* been accustomed ; and afterwards see all the 
combined and successive movements in weaving executed with the utmost 
precision. • 

Fig. 1 in the foregoing engraving exhibits a front view of Kendall’s power- 
loom, in which all the principal parts may be seen ; a a a is the framing, & is a • 

revolving shaft or bar, which is put in motion by the action of a pinion, (par- 
ticularly shown by Fig. 3,) taking into the spur-wheel c; d and e are two cams 
which act upon the levers i i, the same being connected to the spiral spring ic, 
to give motion to the shuttle. are two wipers, which operate on the batton • 
lever &. g g are two other wipers, acting upon the two treadle levers h. ll are 
the tumblers, which raise and depress the harness, m m are the swords of the 
battons. n n are two vertical to&s in connexion with the shuttle, o o is the 
box or shuttle-race, p p are the Stivers sliding upon horizontal wires, which 
immediately propel the shuttle, q is an iron bar, carrying various levers as 
above-mbntioned. r is the front bar, supporting the brackets which carry the 
vehlcal rods. * is the breast-roll, t, the long marches, v, the short marches. 


Fig. 3. 



X is the harness and hoddles. y, the reed or slay, k, the cords connecting the 
two treadles with the long marches, z 1, the cords connecting the long with 
the short marches ; and z 2, those which connect the long marches with the 
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tumblers. The several small spiral springs represented, are for the purpose of 
giving steadiness, ajd the necessary tension to the parts, with which they are 
connected. 

Fig. 2 rejjresents a series of treadles, (whicji may consist of any number, as^ 
required,) with the end view of an additional bar, which it is necessary to intro- 
duce, when the weaving is of such a nature as to sequire the operation of more 
than two treadles : in Fig. 1 is shown a series of notches or bearings for these 
: treadles, (marked 2 upon the bar g ,*) this bar in Fig. 2 is shown equipped with 

four wipers a, which act successively upon the four treadles c beneath. 

The intention of the diagram Fig. 3 is to show the method adopted by the 
patentee, for throwing the revolving shaft in and out of gear, and likewise to 
^ exhibit the mode by which the power is applied, d is the box of the batton. e 
is a small bent lever, attached to the box. is a sliding-bolt connected to a 
latch g, by a cord. A A is a long right-angled lever, furnished at the extremity 
with an inclined plane, for the purpose of putting the wheel in and out of gear, 
i is the lever connected with the clutch, and is operated upon by the lever A. 


Fig. 4. 



The action of this machine is whoHy effected by the revolution of th*bar b. 
fnnr ^ loom, which, as already described,* is equipped with 

revolve snails. The two central wipers //, as they 

, p n the lever A, and move the batton ni m, as required ; the two 
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cams e d, right and left, act alternately on a lever each, it; the reverse ends of 
these levers are coiiiected to two vertical rods n n, suspendtd from a bracket in 
ftont of the loom ; these levers > i are likewise connected by a spiral spring w, 
that the action of the cams at tBe necessary periods may cause the springs to 
become charged, at the timp the levers in traversing the cams meet with a 
sudden declension or fall, when the distended spring suddenly contracts, and 
drives the shuttle across the work. The other two wipers g g, act upon two 
treadles h h, to make the shed or opening for the passage of the shuttle ; one 
revolution of this bar completes two shoots, causing these cams and wipers to 
act uniformly with each other, and to perform the whole operation required in 
simple wearing. 

In order to accomplish more complex weaving, when more than two treadles * 
are required, a second bar is introduced, equipped with as many wipers as 
treadles wanted ; the wipers being placed at equal distances on the circumfe- 
rence of the bar. If four are necessary, as the principal bar, in making one 
revolution, acta upon the treadles twice ; therefore, in order to work over the 
four treadles upon the second bar, the principal bar m this case must make two 
revolutions to one revolution of the secondary bar. If five treadles be required, 
the ■principal bar must make two and a half revolutions to one of the secondary 
bar ; and so on, to any number of treadles used in “ plain complex weaving.” 
The uniform motion of the two bars are regulated by cog-wheels upon their 
axes, which are adapted according to the nature of the work. If a greater 
number of treadles be required, than the hand-loom is able to accomplish, 
with ea.^, it only requires the aid of the jacquard, mounted upon the loom, 
to simplify the “ complex-figured weaving.” 

The next power-loom we shall describe, is the invention of M. De Bergue, a 
French gentleman, who, it appears, came to thb country with it, under the im- 
pression, that similar inventions had not previously 
occupied the attention and skill of British mecha- Fig. 5. 

nists ; and there are, undoubtedly, in several of his 
combinations, a considerable degree of originality 
and ingenuity of design. This loom, we have also 
had several opportunities of seeing at work, and can 
confidently state, that it operates in a very efficient 
•manner. The engraving on the preceding page, 
marled Fig. 4, affords a side elevation of the machine, 
and will be sufficient, with the subjoined and follow- 
ing diagrams, to explain the construction, a is the 
shaft qf the loom, by the rotation of which all the 
various motions are either simultaneously or suc- 
cessively produced. The rotation of this shaft is 
cffeSted either by hand applied to the lay, which 
constitutes it a hand-loom ; or by means of a band or 
strap, from another shaft at c, passing over drum- 
wheels or pulley, as shown by that at e, and the 
bands proceeding therefrom, which makes it a power- 
loom. The axis of the drum e carries a spur-wheel, 
which gears into another on the shaft a, and its rota- 
tion gives motion to two eccentrics /, fixed at each 
of the sha^ within the frame. This motion is 
shown in the annexed engraving. Fig. 5, where the 
letter a also indicates the shaft, and f the eccentric 
'fcrned rou«d by it : in the annular path or race / 
is a friction-roller g, attached by a bent arm to a 
vibrating lever h, the upper end of which is fixed 
fast to the lay, and the lower end turns upon a cAitre 
or pivot^passing through the side frame of the loom ; 
the eccentric revolution of f therefore causes the lever 
h to vibrate, and with it the lay, in that very steady 
and uniform manner, so essential to good weaving. 
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In the middle of the ^aft o, is a broad wheel, (not shown,) in the periphery of 
which are made twtf a^p grooves, so inclined to each otheg' as to cross in the 
middle, like the letter X : in these grooves a projecting pin from the shuttle-* 
rod woMs, so that, by the revolution of the wlfeel, the said pin traverses the X 
groove from side to side, and the shuttle-rod, turning upon a fulcrum just above 
1 ^ ^is thrown from side to side alternately ; and tHb upper end of the said rod 
^ bemg connected by cords to drivers which slide upon a polished wire, fixed in a 
channel of the lay. The shuttle is impelled backwards and forwards through 
the warp by means of the^ treadles, which are worked by a peculiar eccentric 
movement, as will be explained by reference to the annexed Fig. 6. 

^ At 1 1, tho ends of the levers, (seen in section,) are connected to the hori- 
xontal levers v v, (answering to the treadles ^f the common loom,) which turn 



upon a joint at the back of the looms. The other ends of the levers are fiirnished ^ 
with steel pins x, which work in two eccentrics having the peculiiurly shaped 
graves delineated in the figure, as the said eccentrics revolve upon their central 
axis a ; the revolution of these eccentrics, it will be perceived, causes the steel 

E ins alternately to traverse along the extg^nal groove, and then the ihtemal 
eart-shaped groove, phich produces that peculiar vibration in the bars v v; 
and the required reciprocation of the lames 1 1, to open the threads of the warp 
after each successive shoot. The reed or cane, which is the immediate instru- 
ment for beating up the threads of the woof) is situated in the lay or batton. 
The cloth as it is woven passes over the breast-beam, and winds itself on the 
roUer, which receives its motion by a toothed wheel fixed upon i5 and a pinion 
upon the same axis as the ratchet-wheeL 

In a lectoe delivered by Ifr. Birkbeck, at the London Mechanics’ Institution, 
on the subject of weaving, this loom was publicly worked, when it was foimd to 
weave at the r^e of a yard and a quarter per hour of gros de Naples*. 

Some successnil attempts have recently been made to produce a figifred or rather 
variegated pattern m «lks by plain weaving. It is effected by composing the 
different colomed threads twisted together ; which miy be 
^silk, of silk «md worsted, or of hnen, cotton, and sUk, variou4 combined 
The more the colours are conteasted, the more brilliant, of course, is the effect. 
Long specks or spots are proceed by twistmg the threads very slightly, and 
short or minute ones by a hard twist The warp of the fabric, as weU ^ the 
Aoot are composed of asimiW or different arrangement St threads, tjid thus, 
by shght variations, a great diversity of pretty patterns ma^ be obtaiUd 

A patent was taken out in 1833 by Mr. W. Graham V Glasgow for “a 
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self-acting temple to be used in the operation of weaving power or hand looms, ” 
for the purpose cjf keeping the fabric at the width the re%d leaves it. The in- 
vention consists in an apparatus affixed near each end of the breast-beam, which, 
being acted on by the swinging of the lay in beating up the weft, are caused to 
open and shut, and, by me^ns of these apparatuses, the cloth is held to the width 
at which the reed leaves it after beating up the weft. 





The above is a perspective view of the apparatus, a, is a plate which is 
affixed to the breast-beam of the loom at the slot at b, by means of a screw-bolt 
passing through the breast-beam ; and where different widths of fabric are woven 
in*the,same loom, the temples must be so constructed as to allow of being brought 
nearer to, or farther from each other, by means of the slots formed in the plate 
a. On to the plate a is fixed, by means of a screw, another plate c, having a 
projection d, which is turned down at right angles at e, the object of which will 
ne hereafter described. The outer end of the plate c is turned over, so as to 
produce a parallel plate/, having a space between them; ^ is a spring affixed 
to the plate c, by rivetting or otherwise, and on the face of this spring is formed 
teeth or grooves, cut in a line with, the direction of the cloth, these teeth or 
grooves being intended to hold thejiloth when the spring is pressing upwards 
against the plate/; i is a lever, which has its fulcrum aty, on the plate o; and 
at one end of the lever i is formed a projecting wedge k, which is pressed 
between the upper plate / and the spring g every time the, lay beats up the 
weflj by the lay coming in contact with the other end b of the lever i, this and 
I, iAeiyg turned down, as shown in the drawing, for that purpose. There is to 
be one of these apparatuses placed near the breast-beam, that is, in such a position 
that^they shall just embrace the outer edges or selvages of the fabric, between 
the plate /and the spring g, and.they are so placed as to take hold of the fabric 
• as near as possible to the point at which the reed strilaes up the weft ; but the 
r%ed is prevented being injured by the bottom of the lay coming in contact with 
the parts e, which stops the lay from approaching too near to the temples at the 
beating up the weft; and at the time the Jay has nearly finished its stroke it comes 
against th^part I of the lever i, which drives the wedges k between the plates 
/ and the springs g, and causes them to separate to permit the fabric being 
drawn through them ; but immediately on the receding of the lay, after having 
beaten up the weft, the springs g will press up against the plates/ and retain 
the cloth between them, the wedges k being forced out by tlie pressing up of the 
springs,* and by this means the fabric will be kept to the width at whieh the reed 
leaves it. ’ 

WEDGE. A simple machine, of great utility in cases where an immense 
pressure ^nd little motion are required. The wedge maybe considered a modi- 
fication of the inclined plane, to which in many cases it is strictly analogous, 
differfhg only in the circumstance that the body to be moved is drawn along 
the surface of the plane ; but in the wedge the*plane is made to move by percus- 
sion beneath the, body to be raised, or between the surfaces to be separated. 
Wed^s are frequently employed for splitting masses of timber or stone ; ships 
are raised in docks by wedges driven under their keels. Sometimes they have 
been employed to restore a declining edifice to the perpendicular position. Ic 
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the annexed cut the wedge a cbi» employed In cleaving 
wood, and its mechaniiy power is estimated by the pro- 
portion of a 5 to d c. This is sometimes differently 
stated, and it is difficult to state positively whdt is the 
exact power obtained by the use of the wedge, as it is 
gener^y driven by blows of a mallet or hammer ; there 
can, however, be no doubt that the penetrating power is 
* increased by increasing the length d c, in proportion to 
the breadth a b. The wedge, in part, owes its value to 
a quality which, in most machines, is a diminution of 
their effect, t. e. the friction that arises between it and 
fue substance it divides. Were it not for th%immense 
friction which obtains in the use of the wedge, it would 
recedd to its original position, between the qpccessive 
blows, and thus no progress would be made. Instead of this, however, we find 
the pressure and auliesion of the surfaces preifent the recoil, and thus a succes- 
sion of slight blows effect a result which previously might have been supposed 
beyond human power to realize. All cutting and piercing instrumeUts, as 
knives, chisels, razors, nails, pins, &c., may be considered as wedges. Tfee 
angle of the wedge, in these cases, is more or less acute, according to the pur- 
poses to which it is to be applied. The mechanical power of the wedge is of 
course increased by diminisrung the angle, but as this diminishes the strength 
of the instrument, there is a practical limit to this increase of power. _ In tools 
intended for cutting wood the angle is generally about 30”. For iron it is^froSi 
5Qo to 60o ; and for brass from 80o to 90o. Tools which act by pressure may 
be made more acute than those which are drawn by percussion, and in general 
the softer the substance to be divided, and the less the power required to act 
upon it, the more acute may be the construction of the wedge. 

WEIGHING-MACHINES have been described by us under the article 
Bslaxce, in which article, however, we have 
omitted a notice of the annexed singular but sim- 
ple and useful contrivance, the invention of Mr. 

Hawkins, of Fleet-street. It iscalled the hydraulic 
weighing-machine, and is chiefly designed for do- 
mestic use. a, in the annexed figure, denotes a 
cylindrical vessel made of tin and japanned, and 
partly filled with water ; b is another cylinder of 
the same kind, but of less diameter, resting upon, 
or floating in the water contained in a; cis a gra- 
duated s^e, with a glass tube running updhe 
middle, fixed to the exterior cylinder ; the bottom 
of this tube opens into the lower part of the cylin- 
der, therefore the water always stands at the same 
level in both, c is a dish or scale, for holding the 
article to be weighed, the pressure on which causes 
the internal cylinder to sink lower, and raise the 
water higher between the two vessels, the level of 
which is indicated by the tube, and the weight at 
such level exhibited on the scale. There is of 
. course a liability to change, by a portion of the 
water evaporating : but, by leaving a weight in 
the scale when not in use, and pouring in of a small quantity of water occa- 
sionally to bring it to the level of the mark on the scale, an adjustment's easily jr 
made. 

WEIGHT. The force by which bodies m air press towards the centre of 
the earth ; and the measured qud&tity of tlmt force, in any body, is the weight 
of it. The earliest attempt on record to define measure of capacity and weight, 
by referring them to some natural ^ndmd, was made in the J51st year^f the 
reign of Henry III., a.d. 1266 ; it is as follows : — 

“ An English penny, called a sterling, round and without clipping, shall weigh 
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tliirty-two wheat corns in the midst of the ear, and twenty pence to make an 
ounce, and twelve ounces one pound, and eight pounds do make a gallon of wine ; 
and eight gallons Jf wine do make a London bushel, whicn is the eighth part of 
*a quarter.” These weights and ipeasures were again precisely specified and con- 
firmed in the reign of Henry VII., in the year 1496. The first statute that directs 
the use of the avoirdupois weight is the twenty- fourth of Henry VIII., wherein 
it is directed to be used for weighing butchers’ meat in the market, though it has 
been used for weighing all kinds of coarse bulky articles of ordinary con- 
sumption. This pound contains 7000 troy grains; while the troy pound contains 
only 5760 grains. The difierence between- the troy and avoirdupois weight may 
be more exactly determined by reference to the annexed tables. 

i'rag Weight, 


7 ^5 5 of a cubic inch of water •= 
24 grains = 

20 pennyweights = 

-Ifi ounces = 


1 grain = 

1 pennyweight = 
1 ounce = 

1 pound = 


Cubic inches of water. 

.0039610571428 

.0950653714285 

1.901307428571 

22.815689142857 


A cubic inch of distilled water, at the maximum density weighs 253 troy 
grains. 


Aootrdupois Weight. 

Cubic inches of water. 

27ffi grains = 1 dram = .1083101562.1 

16 drams = 1 ounce = 1.7329625 

16 ounces = 1 pound => 27.7274 

28 pounds = 1 quarter cwt = 776.3672 

4 quarters = 1 cwt. = 3105.4688 

20 cwt. — 1 ton = 6210.93760 

175 troy pounds =• 144 avoirdupois pounds. 

175 troy ounces == 192 avoirdupois ounces. 


• By an act of parliament made in the fifth year of his late majesty George IV., 
it was* enacted that there should be adopted on, and after the 1st of May, 
1825, throughout the United Kingdom, a uniformity of weights and measures. 
The following is, according to Mr. Gutteridge, the rationale of the improvement 
introduced by this act “ Take a pendulum which vibrates seconds in London, on 
a level with the sea, in a vacuum ; divide all that part thereof which lies between 
th^axis of suspension, and the centre of oscillation, infb 391393 equal parts; 
then will ten thousand of those be an imperial inch, twelve whereof make afoot, 
and thirty-six a yard. Take a cube of one such inch of distilled water, at 62“ 
of temperature, by Fahrenheit’s thermometer; let this be weighed by any 
weight, and iet such weight be divided into 252458 equal parts, then will one 
thousand of such parts be a troy grain ; and 7000 of these grains will be a pound 
avoirdupois, the operation having been performed in air. Ten pounds, such as 
those mentiohed of distilled water, at 620 of temperature, will be a gallon, whicli 
gallon wiJl contain 277 cubic inches, and 274 one thousandth parts of another 
cubic inch.l’ By the authority aforesaid it is also enacted, “ that a cubic inch of 
distilled water in a vacuum, weighed by brass weights, also in a vacuum, at the 
temperature of 62® of Fahrenheit’s thermometer, sh jl weigh 252.724 grains 
•and, “ that the standard measure of capacity, as well for liquids as for d^ goods 
not measured with heaped measure, shall be the gallon containing ten pounds 
avoirdupois weight, of Stilled water weighed Jn air, at the temperature of 62®, 
the barometer being thirty inches.” This gallon, therefore, containing 277.274 
cubic itches, is abdht one-fifth greater than the old wine gallon, one thirty-second 
greater than the oJd dry gallon, and one-sixtieth less than the old beer gallon. 
Eight such imperial gallons to be a bushel, eight such bushels to be a quarter of 
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oom or other dry goods; the quart to be one-fourth, and the pint one-eighth of the 
above gallon, and none of these measures to be heaped up. The said standard 
bushel, which will therefore contain eighty pounds, avoirdupois, of water, is 
required to be a cylinder with a plain and evei^ bottom, the extreme diameter 
of which is nineteen and a half inches. No other bushel than this is to be em- 
ployed for coals, or other commodities usually sold hy heaped measure. 

WELDING. A term applied to a peculiar process of uniting pieces of 
iron together by heat and pressure. There are only two metals susceptible 
of this process, iron and platina. They are brought to a white heat in a 
furnace, and joined by quick and forcible hammering, by which they luiite as one 
piece, when executed by skilful workmen. 

WELD, or WOALD. A plant cultivated in many parts of this kingdom, for 
its yellow colouring matter. Two sorts of welfl are distinguished, the bastard or 
wild, which grows naturally in the fields ; and the cultivated, the stalks of which 
are smaller and not so high. The latter is preferred for d^^eing, abounding more 
in colouring matter. When the plant hasiarrived at maturity the stalks are 
pulled, made into bundles and dried, in which state it is used. To give a per- 
manent yellow to wool by weld, mordants become necessary ; but when prepared 
with alum and tartar, it takes a very durable and fine yellow. 

WHALE-FISHERY. This subject being so intimately connected with our 
manufactures, we insert the following account of it. In the Greenland fishery 
by Europeans, every ship is provided with six boats, to each of which belong 
six men, for rowing the boat, and a harpooner, whose business is to strike the 
whale with his harpoon. Two of these boats are kept constantly on the watch, 
at some distance ^om the ship, fastened to pieces of ice, and are relessedTby 
others every four horns. As soon as a whale is perceived, both the boats set 
out in pursuit of it, and if either of them can come up before the whale finally 
descends, — which is known byhisthrowinguphistail, — the harpooner discharges 
his harpoon at him. As soon as the whale is struck, the men set up one of 
their oars in the middle of the boat, as a signal to those in the ship ; upon which 
all the others set out to the assistance of the first. The whale, ^ding himself 
wounded, swims off with prodigious velocity. Sometimes he descends perpen- 
dicularly, and sometimes he goes off horizontally, at a small depth below the 
smrface. The rope which is fastened to the harpoon is about 200 fathoms long, 
and properly coiled up, that it may be freely given out as there is a Remand for 
it. At first, the velocity with which this rope runs over the side of the boat is so • 
great, that it is wetted to prevent its taking fire : but in a short time the stren^h of 
the whale begins to fail, and the fishermen, instead of letting out more rope, 
strive as much as possible to pull back what has been given already, though 
they always find themselves necessitated to yield at last to the efforts ef the 
animal, to prevent his jinking their boat. If he runs out the 200 fathoms of 
line contained in one boat, that belonging to another is immediately fastene^^ to 
the end of the first, and so on ; and there have been instances where all the rope 
belonging to the six boats has been necessary, though half that quantity is 
seldom required. The whale cannot stay long below water, but again comes 
up to blow ; and, being now much fatigued and wounded, stays longer above 
water than usual. This gives another boat time to come up with him, and he 
is again struck with a harpoon. He again descends, but with less force than 
before ; and when he comes up again, is generally incapable of descending, 
but suffera himself to be wounded and hilled with long lances which^the men 
are provided with for that purpose. He is known to be near death when he 
spouts up the water, deeply tinged with blood. The whale, when dead, is lashed 
alongside the ship. They then lay it on one side, and put two ropes, one at the 
head and the other at the place of the tail, which, together with the fins, is struck*” 
off as soon as he is taken, to keep those extremities above water. On the 
off-side of the whale are two boqts, to receive the pieces of fat, utensils 'hnd men, 
that might otherwise fall into the water on that side. These precautions 
being taken, three men with irons at their feet, to prevent sKpping, get, on the 
whale, and begin to cut out pieces of about three feet thick and eirtt long, 
which are hauled up at the capstan or windlass. When the fat is all got off 
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they out off the whalebone of the upper jaw with an axe. Before they cut, 
^hey are all lashed^to keep them firm ; which also facilitales the cutting, and 
prevents them from falling into the sea ; when on board, five or six of them are 
bundled together and properly stowed, and after all is got off, the cttrcase is 
turned adrift, and devoured iiy the white bears, who are very fond of it. In 
proportion as the large pieces ot fat are cut off, the rest of the crew are employed 
in slicing them smaller, and picking out all the lean. When this is prepared, 
they stow it in under the deck, where it lies till the fat of all the whies taken 
during the fishery is on board ; then cutting it still smaller, they put it up in 
tubs in the hold. At the end of the season they return home, where the fat is 
boiled and pressed, to give out the oil. (See a press for this purpose, under the _ 
Article Oil.) • 

Among the Kurile islands, which are situated near the southern extremity of 
the peninsula of Kamtschatka, tSte whales are most abundant about the be- 
ginning of autumn. At that time llie inhabitants embark in their canoes, and 
search for them in places where they generally find them asleep on the surface 
of the water. When they are so fortunate as to find one in this situation, they 
appreach with the least possible noise, and when they have come within the 
proper distance, they pierce him with poisoned arrows ; and although these 
wounds seem extremely slight, they are said in a short lime to occasion great 
pain. The whale thus wounded, moves about furiously, blows with great 
violence, and soon dies. 

When the whale returns to Greenland, the fishermen equip themselves with 
sharp khives, harpoons, spears, and arrows, with a number of large skins of tbe 
sea-dog, inflated. Thus equipped, they launch their canoes. The harpoon which 
they usually employ is pointed with bone, or a sharp stone ; some, indeed, have 
harpoons of iron, which they procure from the Danes, by barter for the oil or fat 
of the whale. The scarcity of iron and wood makes these articles extremely 
valuable to Greenlanders, and has excited their ingenuity, to avoid the risk of 
losing them. For this purpose an inflated bladder of dog’s skin is attached to 
the harpoon ; so that, in dhse it should not reach the whale, when they attempt to 
strike, it may float on the water and 'be recovered. They approach them with 
astonishing boldness, and endeavour to fix, by means of their harpoons, which 
^ they throw* at his body, some of the skins inflated with air ; for, notwithstanding 
the^ enprmous bulk of this animal, two or three of these skins, by the resistance 
whidi they make to the water, on account of their diminished specific gravity, 
greatly impede his attempts at phmging into the deep. Having by this means 
succeeded in arresting his progress, they approach nearer, and with their lances 
pierce'his body, till he becomes languid and at last dies. The fishermen then 
plunge into the sea with their skin jackets filled with air, and swim to their prize ; 
ani, floating on the surface of the water, they cut off with their knives, from every 
part of the whale, the fat or blubber, which is thrown into the canoes : and not- 
withstanding the rudeness of their instruments, their dexterity is such, that they 
can extract from the mouth the greatest part of the whalebone. 

The boldest and most astonishing mode of fishing the whale, is that which is 
practised by the Indians on the coast of Florida. When the whale appears, thev 
fasten to the^ bodies two pieces of wood and a mallet; and these instruments, 
with their cattoe, form the whole of their fishing equipage. When they approach 
the whalS they l^row themselves into the water, and, swimming directly towards 
him, they Ifave the address to get on his neck, taking care to avoid the stiobeof 
his fin or tail. When the whale first spouts, the Indian introduces one of the 
pieces of wood into the opening of one of the blow-holes, and drives it home 
with the mallet. The whale thus attacked, instantly plunges, and carries the 
Indiaiwwjth him, who keeps fast hold of the animal ; the whale, which has now 
only one blow-hole, soon returns to the surfac^of the water to respire ; and if 
the Indian succeeds in fixing the other piece of wood into the second blow-hole, 
the while again discends to the bottom, but a moment after reappears on the 
surface, where heremains motionless, and immediately expires, by the interruption 
of the function of respiration. 

WHARF. A firm landing-place, built beside the water for tbe convenience 
of loading or unloading ships, barges, or other vessels ; and therefore usually 
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furnished with craves and various appendages, according to the nature and 
extent of the business to be performed. {■ 

WHEEL and AXLE. A modification of, the lever, by means of which a® 
weight may be raised to a considerable height. A slight attention to the nature 
of the lever will show that the extent of its influence in space is very small, 
depending upon the length of that arm to which the weight is attached ; and as 
this arm becomes shorter in proportion to the increase of power obtained, so the 
height to which a body may be raised, speedily attains its limit. In the wheel 
and axle, no limit of this kind exists. Let a b, in the 
annexed cut, represent the diameter of the wheel, and c d 
L that of the axle ; then, if a power p be connected by means 
of a rope to the wheel, and a weight tv to fhe axle, these 
two, when in equilibrio, will be to each other as c d to a b. 

That is, the power is to the weight as the diameter of the axle 
to the diameter of the wheel ; or, since the diameter of a 
circle is double its radius ; as, the radius of the axle to the 
radius of the wheel. If a line /A g be drawn, connecting 
the parallel cords, and a perpendicular e A be let fall on it, 
it will be divided in the same ratio as the diameters or radii 
of the wheel and axle ; and hence its relation to the lever becomes manifest. It 
will be immediately seen that the power is to the weight, asfhto-hg; that is, 
as the radius of the axle to the radius of the wheel. The velocity with which 
the power and weight wilt move, is, as in the other simple machines, invejsdy 
as the power gained. If the diameter of the wheel be 20 inches, and that of the 
axle 4 inches, the power obtained will be f 
= 5 times ; or a power of one pound will 
balance a weight of five pounds ; but the 
velocity with which the weight moves, is five 
times less than that of the power. The 
windlass by which water is drawn from 
wells, and the capstan used to raise the 
anchor on ship-board, are illustrations of 
the utility of this simple machine ; but the 
most extensive employment of the wheel 

and axle is in combination, in which, under _ , 

the name of wheel and pinion, it enters largely into the construction of the^ost 
complicated machinery. In the arrangement of a number of^ wheels and 
pinions for the purpose of gaining power, or velocity, each pinion is connected 
with the following wheel, and the power or weight is attached to the last pinion. 

Thus, in the foregoing representation ab and c are three wheels ; d et, 
three axles or pinions, as it may be; the power p puts a into motion, the qirie 
of which turns b, whose axle again influences c, on the axle of which th 
resistance is applied. The proportion between p and w in this and similar cases, 
will be found by multiplying together the diameters of the axles, and the 
diameters of the wheels. If the diameters 
of the wheels be 14, 9 and 7, and the axles 
be 3, 3 and 2, the power obtained will be 
14 X 9 y 7 

— 49, and as a consequence, 


3 X 3 X _ 
the velocity of pmust be 49 times greater 
than that of tv. When wheels and pi- 
nions act upon each other as in watches 
and other machines, a number of teeth are 
cut in the circumference of each, in nearly 
the same proportion as the radiirof the wheel 
and pinion. Sometimes, especially in heavy 
machinery, they are connected by bands, as in 
the annexed cut ; but the calculated power is 
still the same at whatever angle they may 
be placed to each other, since the bands 
always act on that part yf the wheel which 
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is perpendicular to their own direction. In calculating the power of this 
juachine, allowanol must be made for the friction on th% pivots, the weight 
and stiffness of the rope, and fijr the increased magnitude which a large rope 
gives to the wheel or axle. 

WHEEL. A circular frame, or solid disc, made of wood or metal, and turning 
upon an axis. There are a variety of kinds, but we shall in this place direct 
our attention to carriage wheels, to which the foregoing definition wiil 
best apply. The ordinary carriage wheel consists of three principal parts ; 
namely, the nave, hub, or centre ; the spokes or radii, which connect the centre 
to the periphery or ring. The ring is sometimes made of one entire lengtli, 
bent into the circular form ; but hy far the most usual plan is to construct the^ 
ring of a series of curved pieces,*correctly jointed endways, so as to complete 
the entire circle. After the ring is thus prepared, and every joint coiTected and 
smoothed whilst placed in its tr«e circle, the joints are bored, and an oaken 
dowel or pin driven into the perforations. The manufacture of the spokes con- 
sists in chopping them first to nearly their shape, and then finisliing their 
figure by spoke-shaves ; afterwards they are all gauged to an exact length, their 
shemWers and tenons made, the tenons that are to enter the stock being square, 
and those for the felloes round ; and all the tenons are made a little larger 
towards their shoulders than at their other ends, in order that they may fit very 
tightly when driven up into their mortises. The tenons in the nave depend 
wholly for their firmness there, to accurate workmanship ; hut the tenons in the 
fellees go through their thickness, and are then wedged up on the outside. 
The strength of a wheel depends greatly on the attention paid to the arrange- 
ment and framing of the spokes ; in common wheels they are framed equally 
all round the thickest part of the nave, the tenons of the spokes being so beveled 
as to stand, with reference to the horizontal position of the nave, about three 
inches out of the perpendicular : this is done to produce what is called the 
dishing of the wheel. But for obtaining increased strength, the spokes of wheels, 
(as in those of the mail coaches,) are framed so that every otlier spoke shall 
stand perpendicular to the nave. Hence the mortices are made in two parallel 
lines around the nave, the other ends of the spokes entering the felloes in a 
single line ; therefore, viewed edgeways, the position of the spokes represents 
^ two sides «f an isosceles triangle, of which the axis forms the base line, (an 
arrangement which the uninformed will clearly understand, upon reference to 
the perspective figure of Jones's patent suspension wheel, given further on in 
this article ;) this confers great stability to the wheel, at a trifling addition of 
cost of workmanship. , 

Thh blocks which form the naves of wheels are furnished to the wheelwright, 
of the size required. The wood preferred for this purpose is elm. To produce 
th«ir round conical form they are turned in a lathe, with neat mouldings upon 
the surface. The nave is now ready to have its mortises cut ; which is a work 
of considerable art, especially when executed in the rapid and correct manner 
in which th^ usually are, by practised workmen. In this work the wheelwright 
uses a very simple and efficient tool, that is peculiar to his craft ; it is called a 
huz, and is employed to cut out the angles of his mortises square and clean ; it 
is a sort of Rouble chisel, or that in which the straight edges of two common 
chisels are united at right angles ; and it cuts out the corners, as may be sup- 
posed, v%ry expeditiously, and so exactly that the square tenon of the spoke 
bites very Ifirmly in every part. The workman fits each spoke successively, and 
puts a mark upon it. When they are all fitted, he begins to put the whole 
^ wheel together, fitting all the spokes to the nave first, and then adding the 
felloes. In this state the wheel is put to season ; that is, exposing it to a 
current sf air for a week or two, or, as in some manufactories, placing it in a 
kiln for a few hours, heated to about 140o Fahrenheit. When seasoned, the 
whole of the wheel k examined, to ascertain if all its parts are still adapted to 
make Solid and clSse joints in every part ; and if found so, they are all secured 
and fixed, by driving up all the spokes firmly into the nave, and then putting on 
the felloes, and driving them down firmly upon the shoulders of the spokes ; and 
the ends of the tenons, which come through the felloes, are th.cn secured by 
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wedges driven into thfir middles. This done, the wheelwright “ cleans off;” 
that is, finishes the ffood-work, hy his planes, shaves, fish-skifj, and glass-paper. 
The next operation is to put on the iron tire. The tire is made of flat bar iron, * 
and of breadth and thickness proportioned to the wheel. When the tire con- 
sists of separate pieces or streaks, the bars are cut to the same length as the 
felloes, and curved to the radius of the wheel, and have suitable holes punched 
^ through them, to receive very stout nails, by which they are secured to the 
wooden ring of the wheel ; and the iron tire is so placed over the felloes, as to 
meet in the middle of each felloe, and thus secure more effectually the joints of 
the latter ; the tire nails pass quite through the felloes, and are rivetted on the 
^nside of the ring, upon bars or washers, which materially strengthens the fabnc. 
Further to bind and compress the parts of •he wheel together, the tire is put 
and nailed on to the wheel in a red-hot state ; which burns and presses down 
all bumps and inequalities of the surface, anA produces great solidity of struc- 
ture. The best kinds of wheels, — those used ft* coaches and other light vehicles,-— 
have usually their tires of one single piece or ring ready formed, which is 
expanded by being made hot in a circular fire, and in this state put upon the 
wooden periphery of the wheel, when, by its shrinking as it cools, it ara\)j,s all 
the parts of the wheel together with irresistible force. 

Many years ago a patent was obtained for making the whole wooden 
periphery of one entire piece, and this process is still extensively practised for 
the wheels of light carriages. Straight grained ash is selected and boiled or 
steamed, until it becomes very flexible, when it is bent on a cylinder, and 
fastened together whilst in its circular form. • 

Having now described the several parts of an ordinary carriage wheel, excepting 
the axletree, and box, we refer the reader for information on those points to their 
initial letter (also to the articles Carriage and Railway,) in this work ; and 
proceed to the description of some modem improvements. 

The purposes to which iron, whether cast or malleable, may be usefuRy 
applied, are daily becoming more numerous ; its great durability, and the facility 
with which it may now (by the aid of our varied and powerful machinery,) be 
wrought to any desired form, point it out as peculiarly adapted for the wheels of 



carriages. Accordingly, various attempts have been made at different times to 
construct wheels wholly of this material, but certain diflScuIties have opposed 
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their general introduction ; and their use may be said to have been confined to 
rail-roads, until the. invention of Mr. Theodore Jones, wiy took out a patent 
fcr an “ iron susperreion-wheel,” about eight years ago, and a large manufactory 
of them has been established at Vauxhall, from whence are constantly sent out 
considerable numbers, attached to the carts and waggons of the metropolis, as our 
London readers will testify, upon recognizing their representation in the above 
engravings, of which Fig .\ is an elevation, and Fig.2 a perspective view of a cart or 
light waggon-wheel, the principle of their construction not differing according to 

Ftg. 3. Ftg. 4. 



their application, hut only in the proportions of their parts. F%g. 3 represents a 
nave, shown on a larger scale, with the front shield or cap removed to show the 
construction. It contains eight feathers or divisions, dividing it into eight 
compartments. Fg. 4 is a section of the nave, with the front and back shields 
in their places. , 

At o is a strong rim of cast or wrought iron, with a rib on the inside to give 
additional strength. Sixteen conical holes are made through the rim at equal 
• distances ; *6 6 5 are wrought iron rods, with conical heads c c c fitting into the 
holes ^f the rim, and have.screwa cut at their other ends. These rods, through 
the ftoles in the rims, and corresponding holes in the nave, where the ^screwed 
ends are secured by nuts, are plainly shown in the sections. The shields are 
then placed over the nave, and by the pressure of their flat surfaces against the 
sides of the nuts, they are prevented from becoming unscrewed. A hoop or 
iron tire is fixed on the outer circumference which is^to be replaced when it 
beSoraes worn by use. 

The description we have thus given is derived from the specification of the 
patentee j but since the enrolment of that document, the experience of the 
inventor, d^ved from great practice, has enabled him^to introduce many 
subordinate improvements, amongst which we may mention, the making the « 
rim, with the projecting rib underneath, of one single solid piece of wrought iron, 
obviating the use of any cast iron, and dispensing entirely with the necessity of 
any tire ring. This is a very important improvement, as it was discovered that 
the hatteriyg which the tire rings received i^ainst the stone pavement, had the 
eflect of expanding them, and consequently of causing them to separate or ’ 
become loose upon the iron periphery underneath ; and when the latter was of 
%ca8t-iron, Jractures were sometimes made by the concussions of the road.^ Now, 
as there is only one ring, and that of wrought iron, the expansion that it may 
undergo 'by severe battering, has only a tendency to increase the tension of the 
rods, and the stability of the whole. • 

It wdl be ohser^d in the drawings that the wheels are not conical, nor dished 
as usuS, but cylindrical ; which, in the opinion generally of those who have 
been enabled to examine the subject, unprejudiced, causes them to move with 
less resistance on their peripheries, or run lighter, as the phrase is ; and they 
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will, from the same cause, prove less destructive to the road. Tliis latter 
property may be cqjftidered as established, as an act of parliament empowers 
the trustees of the roads to reduce the tolls on the cylindrical wheels, to tw% 
thirds of the sum paid for conical wheels of similar width. The reason of these 
patent wheels being called suspension wheels, is that the nave may be considered 
as constantly suspended by the rods above it to dh inflexible arch; instead of, 
as in the common W’ooden wheels, resting with its load upon the particular spoke 
that may happen to be underneath it ; and thus it is argued the cohesive strength 
of the metal is made available, which is undoubtedly the most advantageous 
mode of employing malleable iron, (it having been proved by repeated 
experiments, that a rod of wrought iron, an inch in diameter, is capable of 
*- sustaining a pull of twenty-seven tons weigh^;) and the weight of the load upon 
the axles being thus suspended to the upper side of the wheel, the lower rods 
have to sustain but a small portion of the pressure, and are not liable to be 
broken by sudden concussions or jolts. Irom the superior tenacity of the 
metal over wood, the mass of material is s8 considerably reduced, as to lender 
a suspension wheel not heavier than a wooden one, which is applicable to the 
same kind of carriage or strain ; and from the circumstance of this dftninution 
of material they have a more elegant and light appearance, require less drSught, 
whilst they unquestionably possess increased strength and durability. 

However excellent may be the workmanship, or however firmly an ordinary 
wooden wheel may be put togetherin the first instance, the wooden felloes that form 
the periphery, being constantly exposed to the effects of wet and dry, are continu- 
ally expanding and contracting ; consequently the joint or connexions betweefi the 
ends of the spokes and the felloes, and the former, either become loose, or split 
the felloes ; when this takes place, the several parts of the wheel yield by little and 
little to the strain of the load, or the effects of concussions, and the whole wheel 
becomes dislocated. As a remedy to this defect, Mr. Wm. Howard, the iron- 
master of Rotherhithe, has recently proposed some new arrangements of a pre- 
cisely opposite character to Mr. Jones’s; which we proceed to describe. 

Mr. Howard’s invention has no reference whatever to the nave of the wheel, 
but is confined to an improved mode of cosabininga wheel at its periphery. He 
employs, as shown in the subjoined figure, representative of a small portion of a 
wheel, an iron ring a, as the outside tire ; inside of this tire he has another 
ring of iron, b, which stands as a substitute for the ordinary felloes ; 5nd to this, « 
which we will call for distinction the felloe-ring, he fastens hy red-hot rivets c c, a 
“ spoke-shoe” (f d, made of the shape represented, of cast-iron, and contaMng 
a central cavity or socket, for the insertion of the end of a spoke e; of course 
there are as many spoke-shoes as spokes, which are arranged equidi^antly 
around the inside of the felloe-ring ; when these have been all firmly fixed in 



the manner of that shown, and fce spokes have been all duly fitted into the nave 
and driven home, and the outer ends of aU the spokes haje been accurately 
gauged, and duly fitted to the sockets of the shoes, they arej)ut or forced into 
the same sideways, as seen at e; this operation is performed in such a manner 
as to leave a space of about half an inch between the ends of the spokes and Ine 
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ends of the sockets, for the purpose of wedging them up fiAgly. This is effected 
»iu the following rrranner : — Against the squared end of each spoke is laid a thin 
piece of plate-iron g, of the same%ectional area; then is driven a slightly tapered 
long oaken wedge h k, the foremost end passing through a hole cast in the shoe 
on the opposite side : and wSen the cavity is thus closely filled, the projecting 
pieces are cut off, and a shaip iron wedge i, is then driven into the middle of the 
oaken w edge, so as to render the force of contact as great as possible ; a plate 
of wrought iron, /, is then put into the cavity represented overe /i i, and riveted to 
the shoe by long red-hot rivets passing through the whole. All the shoes and 
spokes being thus fitted, the tire ring is put over the whole in a red-hot 
state, which, shrinking as it coolsj draws the whole together in a manner that* 
gives it extraordinary solidity. 

It will be observed that the principle of construction of Mr. Howard’s wheels 
is the same as that of the common kind, in which dependence is placed entirely 
upon the stabilit)- of the outer rin|; for its cohesion ; but it is a more finished 
and masterly production, is constructed of more tenacious materials, and is well 
calculated to obviate the leading defects before mentioned of the former. The 
advocfatcs for Mr. Jones's wheel object to Mr. Howard's, on the ground of 
its not being on the tension principle. On this point we would observe, that 
the spokes undoubtedly are not, but that it may be fairly contended that the 
periphery is, as this must be torn asunder by a longitudinal pull, in order to 
destroy the cohesion of the wheel ; and the felloe-ring alone, (which never 
we!<ts,)^is made of adequate strength to bear the whole strain, W'ithout any of 
the additional support it derives from the tire-ring ; the utmost confidence may 
therefore be placed in the great strength and durability of Mr. Howard’s wheels, 
however excellent may be the principle of the former invention. 

A patent was recently taken out for a verj' strong metallic wheel, by the 
Messrs. Forrester, of Liverpool, consisting of a skeleton of malleable iron, im- 
bedded or surrounded with cast iron. Such wheels are, however, necessarily 
very heavy, and less sqited to the common road than to railways. — For a 
description of them, see the latter article. 

We shall, however, advert in this place to another patent, — not on account of 
any novelty it may be found to contain, but for the twofold purpose of eluei- 
^ dating a pfocess that we had imagined was commonly practised by iron-masters 
and tfre-sniiths, and of affording us an opportunity of noticing the erroneous 
prinBiple upon which wheels in general are constructed. 

The specification of Mr. John Meaden, of Southampton’s patent, (enrolled 
June 1828,) states his object to be the construction of the tire or hoops of iron, 
which surround carriage wheels, cvicaoe on the iiiiier surface, next to the felloes, 
and convex on the external surface ; the objects of wl»ch are to fix the tire 
mdle securely to the wheel, and to reduce the friction produced between the 
periphery of the wlieel and the road. The specificatiorr proceeds to describe 
very minutely the process of making tires, — a process wliich we doubt not our 
readers of tli^ before- mentioned callings will recognise as a “ modern antique.” 
A common flat wrougbt-iron bar, of the proper width and length, is to be 
passed between a pair of rollers, one of which has a concave groove, and the 
other a corresponding convex projection, so as to compress and bend tlie inter- 
vening bar into the required form. The bar thus formed is next bent round 
into a hoop of the required size, with the concave side inwards, and then the 
ends are welded together. To give the hoop the desired conical figure, or 
“ dishing, ” it is placed over a large 
^ast-irnn jnandril, like that represented 
in the annexed figure, where it is ham- 
mered ’ujitil it takes the required form. 

The letters a and 6 indicate hoops of dif- 
ferent s^zes. To this hoop to the wheel, 
it is heated in a ftvrnace of a circular form, 
so that the fire may act uniformly on every 
part. In a large wheel, this process of 
heating the hoop causes it to expaiid about 
one inch in circumference, and it is thereby 
made large enough to slip over the wooden 
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wheel, previously pw'jiared, of greater dimensions than the interior circle of the 
iron hoop, in the cold state. Whilst the iron hoop is being iieated, the wooden* 
wheel is clamped to a flat circular plate, wMch is fixed to a central axis, to 
enable it to revolve ; and this axis is fixed upon an horizontal bar, by which 
the wheel and iron plate to which it is clamped may be turned in either a ver- 
tical or horizontal direction. Underneath the circular plate is a semicircular 
well or cistern, containing cold water, into which the wheel is immersed and 
turned round as soon as the hoop is put on it. This application of cold to the 
hot expanded hoop causes it to contract with irresistible force, pressing the 
spokes into the felloes and nave, and binding all 
•'the parts together. The annexed little figure 
exhibits a section of the new patent tire, as ap- 
plied to the felloe d; e representing the end of a 
spoke. A curved tire like the foregoing was made 
many years prior to Mr. Meaden’s patent, Biit by 
simpler and cheaper means, — it being rolled di- 
rectly from the bloom into curved bars; and we 
think we remember seeing them on the mail coaches more than twenty years 
ago. The curve on the interior side of the tire is of unquestionable advantage, 
in causing it to hold more securely on the felloes, — as must be evident from the 
preceding figure ; but the external curvature of the tire is, in our opinion, of 
very doubtful utility. The rounding of the extreme edges of a flat-bearing 
wheel may prevent dirt being hitched up and carried round with the. wheel ; 
but even that much being removed, reduces to the same extent the resistance 
of the ground to the wheel sinking into it ; and if the whole bearing surface be 
rounded, it must evidently penetrate deeper into the ground, and in so doing 
force the materials of the road sideways. Nevertheless, tire of this construction 
is, we believe, still employed in our mail coaches. But however injurious to 
the roads may be tire of this kind, the practice of giving a conical form to the 
rims of carriage wheels is infinitely more destructive. .This form has an evident 
tendency to move in a different direction to the line of draught ; and the power 
which is required to keep it in a straight line is so much power wasted in twist- 
ing the materials of the road out of settings, and grinding them to powder. 

The cylinder (as Mr. Camming justly observes) having all its parts of equal, 
diameter, will, in rolling on its rim, have an equal velocity at every part" of its 
circumference, and necessarily advance in a straight line. And as all the 'parts 
of the rim have an equal velocity, none can have a tendency to drag forward or 
impede the progress of the others; they all advance with one consent, without 
the rubbing of any part on the surface on which they roll. As there is no 
rubbing there can be nn friction, and consequently a cylinder perfectly round, 
hard, and smooth, forms the least possible resistance, however great its weight or 
the pressure on its rim. It therefore follows, that all the power that is employed 
in drawing forward a cylindrical body in a straight line on a compressible sub- 
stance, is ultimately applied in compressing smooth and levelling the substance on 
which it rolls. The rolling of a cylindrical body, therefore, can have no tendency 
to alter the relative situation or parts of materials on which it passes, nor any 
how to derange them, but by a progressive dead pressure to consolidate, level, and 
sraoothe them. If a cylinder be cut transversely into several lengths,^pach part 
will possess all the above properties ; and if the rim of a carriage wheel be made 
exactly of the same shape, it must necessarily have the same tendencies. When 
wheels with cylindrical rims are connected by an axis, the tendency of each 
being to advance in a direct line, they proceed in this connected state with th»> 
same harmony and unity of consent that exist in the parts of the same c Ylinder ; 
but, as conical rims have been universally preferred for a series of years, it is 
natural to suppose that there w^re obvious reasons for such preference. The 
cone diminishing gradually from its base to its point, the velocity of etj^ry part 
of its circumference in rolling on an even plane, will be ,diminished as the 
diameter; and at the very point where there is no visible diameter, it will have 
no perceptible motion ; but if the cone be made to advance in a straight line, 
the natural velocity of its several parts will not be as the spaces, therefore a 
rubbing and friction wil<® take place at its circumference, from the different, 
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velocities of its parts, which must render the draught heavier. In rolling on 
paved streets nothing can be conceived more calculated, for their destruction 
, than the conical Tim of a broad wheel. See Carriages, Axleteee, &e. 

For Teethed Wheels employed in driving machinery, see that article. 

WHERRY. A small, sh^ow, light boat, made very sharp both at the head 
and the stern, and adapted'for fast rowing and sailing, especially in tide rivers. 

WHIRLING-TABLE. An instrument for illustrating the nature of the 
centripetal and centrifugal forces. The disposition which bodies have to fly off 
from the axis round which they revolve, may be beautifully exhibited, by em- 
ploying a small bucket filled with water, and attaching it to the hand by a flexi- 
ble cord, it may be whirled round without destroying the equilibrium of the 
fluid, or causing any portion of it to be spilled. Precisely in the same way a«e 
the bodies which revolve round tlie sun, kept from falling into that luminary by 
the centrifugal force which is ^nerated. Now the whirling-table is employed 
to exhibit the amount of this force, and, by a combination of weights and pulleys, 
a variety of bodies are made to devolve with different degrees of speed. The 
apparatus usually consists of a frame furnished with a large wheel, round which 
a bandpasses, and gives motion to two smaller ones. On one of these a rod is 
attached for balls to slide, and on the other a flat table of mahogany ; and these 
may be put into motion with different degrees of speed. The whole apparatus 
is exceedingly valuable to the teacher of astronomy. 

WHIRLPOOL. An eddy, vortex, or gulf, where the water is continually 
turning round. Those in rivers are very common, from various accidents, and 
aifle usually very trivial, and of little consequence. In the sea they are more 
rare, \)ut more dangerous. Sibbald has related the effects of a very remarkable 
marine whirlpool among the Orcades, “which would prove very dangerous to 
strangers, though it is of no consequence to the people who are used to it. 
This is not fixed to any particular place, but appears in various parts of the 
limits of the sea among these islands. Wherever it appears, it is very fiirious ; 
the boats, &c., would inevitably be drawn in, and be destroyed by it ; but the 
people who navigate them, are prepared for it, and always carry an empty 
vessel, a log of wood, or large bunijle of straw, or some such thing, in the boat 
with them. As soon as they perceive the whirlpool, they toss this within its 
vortex, keeping themselves out ; this substance, whatever it be, is immediately 
rcceived*into the centre, and carried under water ; and, as soon as this is done, 
the •surface of the place, where the whirlpool was, becomes smooth, and they 
ro% over it with safety ; and in about an hour, they see the vortex begin again 
in some other place, usually at about a mile distant from the first.” 

WHIRLWIND. This meteorological phenomenon arises from the con- 
vergance of winds from all partij to one point on account of an extraordinary 
rarefaction of the air at that point. The currents a^uire by their conflict at 
fhe place of meetin’g, and the velocity with which the rarefied air rushes 
upwards, a centrifugal force, which causes them to recede from the axis of 
rotation. When the centrifugal force thus acquired becomes equal to the 
pressure q£ the atmosphere, a space approaching almost to a vacuum surrounds 
the axis or centre of motion, and as the whirl, by the action of the most 
prevailing wind, receives a progressive motion, it is obvious that the pressure of 
the atmosphere will be removed from every object passed over by the base of 
the vacuum ; consequently destruction may be expected to mark its course. 
Partly^y the removal of the atmospheric pressure, and partly by the whirling 
of the air surrounding the vacuum, loose bodies, a hay-stack, for example, wifi 
be raised with irresistible impetuosity, and dissipated at a great height. 

whiskey. This species of ardent spirit is much used in this country as 
well as in Ireland. It varies considerably in the mode of preparation as well as 
in its strength and comparative value. One of the modes of procuring it is 
stated in Gray’s Operaiive Chemist to consiskin mixing 3840 gallons of rye or 
barlev ground jery fine, and 1280 gallons of coarse ground pale malt, and 
raakmg it into qmash, with 8500 gallonsof water, heated to IIO® Fahr. There 
is then drawn off 1020 gallons of this wort, and a large quantity of yeast is 
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added to it ; and when the remaining wort is cooled to 55° Fahr. eighty gallons 
of malt are mashed wittt another portion of 1020 gallons of hot water, and this, 
being drawn off, is mixed with the first wort, and the yeasted vi%rt is also added. 
This wash should have the specific gravity from i.084 to 1.110. In the course 
of ten or twelve days, the specific gravity gradually diminishes till it becomes 
only 1.002, when the yeast head falls quite flat; th5 wash has a vinous smell 
and taste, and is fit for the still. It is calculated that every sixty-four gallons 
of meal and malt ought to produce eighteen gallons of spirit, so much stronger 
than proof spirit that ten g^ons will make eleven gallons proof. 

In general, one-third of the wash is drawn over at the first stilling, and the 
product is called low wines, the specific gravity being about 0.975. On re- 
dfjtilling the low wines, a milky, fiery tasted ^irit comes over at first ; when 
the running turns clear, the spirit that has come over is returned into the still. 
The distillation being continued, the clean spirit comes over; and when the 
running gets below a certain specific gravity, the remaining spirit which comes 
over, until it ceases to be inflammable, is kept%part by the name of faints, and 
is mixed with the next parcel of low wines that are distilled. The proportion of 
malt to the raw grain is sometimes diminished much below that stated, eWen as 
low as only one-tenth of the raw grain. If the wort is not sufliciently heavy,* its 
specific gravity is brought up, by adding a strong infiision of ground malt, or 
barley and m^t. The fermentation is generally carried on in open pits, and 
hurried as much as possible ; but of late some distillers, considering that the 
carbonic acid gas carried oflf much of the spirit, have covered the pita with a 
flooring, having a trap with a water joint, to prevent the loss of the spirit : this 
retards the fermentation, but the augmentation of the produce, although ^ight, 
is judged fully equivalent to the loss of time. 

WINCH. The bent, or crank-handle, by which the axes of machines are 
turned. 


WIND. Air put in motion by some , ,, , , 

physical cause, so as to become a current 
or stream. Winds are denominated ac- 
cording to the points from which they 
blow; see Compass. A variety of machines 
have been invented at different time? for 
ascertaining the strength or velocity of 
the wind ; the annexed cut represents 
which possesses the advantages of simpli- 
city of construction, and of being unerring 
in its indications. It is thus formed : — ^A 
square open frame of wood or iron, abe, 
is supported by the shaft d% two cross pieces 
are fixed aief, carrying an horizontsd axis, 
which is moved by the action of the wind 
upon four sails, iiii, fixed to one end of 
the axis, and disposed to be influenced 
by the wind in the usual manner. Upon 
this axis is also fixed a conical barrel of 
wood, on the smaller end of which, n, is 
attached a line with a weight, I, appended 
to it. The wind now acting upon the 
sails, causes the barrel to revolve, and the 
line to be wound round its superficies. To 

prevent any retrograde motion, a ratchet , 

wheel 0 , is fixed to the base or larger end of the cone m, having a clicker falling 
into its notches as it revolves. It is evident that the force of the weight will 
continually increase as the line advances towards the base of the cone, by the 
power being applied at a greater distance from the axis or fulcn^ ; consei^enlly 
the variable force of the wmd may be readily ascertained, by fixyig the linemt the 
smallest end, and marking the barrel with spiral lines, as taken up by the coiling of 
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the rope round its superficies ; placing, also, between the line so drawn, numerical 
signs to denote the force of the wind; which might he»calculated with tolerable 
precision, acconjing to the known principles of the lever? The diameter of the 
base of the cone should.be suqji, in comparison with the smaller end, that the 
very strongest wind should have scarcely sufficient power to bring it on to the 
end of it. • 

The different velocities, forces, and corresponding popular appellations of winds 
are given in the following table, derived from the experiments of the late cele- , 
hrated engineer, John Smeaton; and detailed in the Philosophical Transactions. 


Velocity. 

Perp. Force on§ne 

square foot in lbs 

avoirdupois^ 

•| 

Appellations. | 

u 

Per hour 
Miles. 

Per Second 
Feet. 

1 

1.47 

.005 * 

Scarcely perceptible. 


2.93 

.020 

1 




V Perceptible. 

3 

4.40 

.044 

) 

4 

5.87 

.079 





\ Gentle breeze. 

£ . 

7.33 

.123 

j 

10 

14.67 

.492 

) 




> Pleasant brisk gale. 

15 

22.00 

1.107 

j 

20 

29.34 

1.968 





}■ Very brisk gale. 

25 

36.67 

3.075 

■ j 

30 

44.01 

4.429 

1 




IHigh winds. 

,■55 

51.34 

6.027 

J 

40 

58.68 

7.873 





IVery high winds. 

45 

66.01 

9.963 . 

J 

50 

73.35 

■ 12.300 

A storm or tempest. 

60 

88.02 

17.715 

A great storm. 

80 

"*117.36 

31.490 

A hurricane. 


• 


1 A dreadful hurricane that overturns | 

100, 

146.70 

49.200 

J buildings, trees, &c. 1 


To which may be added a still more remarkable instance of the impetuosity 
of a hurricane, as related by M. Rochou. The velocity of the wind, as 
observad by him, was no less than 109 miles an hour, or 159.88 feet per second ; 
and its force against a perpendicular plane <if a foot square, was estimated at 
58.45 pounds avoirdupois. Of the causes and theory of winds, many very able 
philt^hers ha^e treated largely ; as Des Cartes, Rohault, Bacon, De Luc, 
Halley, Prevost,* Derham, Eles, Muschenbroeck, Dalton, and others. We have 
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jiot room to introduce even a short abstract of their several theories, but must 
refer the curious re%(Ier to their writings, and the various parts of the 
Philosophical Transactions. 4 ^ 

WIND-INSTRUMENTS. An accurate acquaintance with the principles of 
acoustics is essential to the scientific construction of every species of musical 
instrument, but especially those which owe their’operation to the action of 
the wind. Wind-instruments generally produce their effects by the vibra- 
‘ tions of a column of air confined at one end, and either open or shut at 
the other. These vibrations are determined mainly by the length of the 
sounding column ; yet inferior and subordinate ones are found to coexist with 
the fundamental one. The whole column spontaneously divides itself into 
potions equal to the half, the third, or the fouijh of its longitudinal extent. In 
mixed wind-instruments, the vibrations or alterations of solid bodies are made 
to cooperate with the vibrations of a given portion of air. Thus, in the trumpet, 
and in horns of various kinds, the force of inflation, and perhaps the degree of 
tension of the lips, determines the number of pSrts into which the tube is divided, 
and the harmony which is produced. In the serpent the lips cooperate with a 
tube, of which the efiective length may be varied by opening or shutting4ioles ; 
and the instrument which has been called an organised trumpet, appears to art in 
a similar manner. The trombone has a tube which slides in and out at pleasure, 
and changes the actual length of the whole instrument. The hautboy and the 
clarionet have mouth-pieces of difierent forms, made of reeds or canes ; and the 
reed-pipes of an organ, of various constructions, are furnished with an elastic 
plate of , metal, which vibrates in unison with the column of air which th»y 
contain. r 

The longitudinal vibrations of a column of air, contained within a tube open 
at both ends, are powerfully excited, and very loud and clear tones produced 
by the inflammation of a streamlet of hydrogen gas. This curious experiment 
was first made in Germany, and it is very easily performed. A phial, being 
partly filled with dilute sulphmic acid, a few bits of zinc are dropped into the 
liquid. As the decomposition of the water embodied with the acid now 
proceeds, the hydrogen gas, thus generated, .flows regulSrly from the aperture. 

The gas being first ignited, and a glass tube placed over the exit-pipe, the 
burning speck at its point instantly shoots into an elongated flame, and creates 
a sharp and distinct musical sound. This effect is not owing to any vibrations ^ 
of the tube itself ; for it is in no way altered by tying a handkerchief tightly 
about the glass, or even by substituting a cylinder of paper. The tremor ux- 
cited in the column of air is, therefore, the sole cause of the incessant tone, 
which only varies by a change in the place of'the flame, or a partial obstruction 
applied at the end of the tube. The exciting force must necessarily acf by 
starts, and not uniformly^ The column of air contained within the tube is in 
reality agitated by a series of incessant strokes, or suddeif expansion ; and it » 
probable, that an instrument possessing great power in a small compass, might 
be thus constructed. 

WINDLASS. A machine used on board ships, chiefly for raising Jhe anchor. 

• It may be regarded as a modification of the mechanical power termed the wheel 
and axle, employed to raise buckets from wells, and for infinite variety of other 
uses. In nautical affairs, it consists of a large cylindrical piece pi timber, 
moving round its axis in a vertical position, and is supported at its two ends by 
, two pieces of wood called knight-heads, which are placed on the opposite sides 
of the deck, near the foremast : it is turned about by levers called hdhdspikes, 
which are for this purpose thrust into holes bored through the body of the 
machine. The lower part of the windlass is usually about a foot qjsove the ^ 
deck : it is furnished, like the capstan, with strong iron pauls, to prevent it from 
tumin^backwards by the pull of the cable and anchor, or from being strain «d by the 
violent jerking of the ship in a tempestuous sea. The pauls into notches 
cut in the surface of the windlass, and lined with plates of iron. The windlass 
is heaved round by the men who work it throwing their weigh? upon the ftids of 
the handspikes, which, moving through a much greater space than the length 
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of the cable taken up, constitute, in effect, an increase of power eqn^ to much 
greater space ; and by this simple mechanical arrangeinent anchors of much 
greater weight than that of the men employed, are raised sdirect from the sea. 
•It however requires considerable dexterity to manage the handspike to the most 
advantage : the sailors who perform it rise simultaneously upon the windlass, 
insert their levers, throw thjir weights to the extremities, by a sort of jerk,«Jl 
at the same instant, and weigh up the anchor six or eight inches at each pull, — 
the motions of the men being regulated to time by the howling of one of the crew. 
To save the time employed by the men in working a windlass in raising the 
handspikes from one slot to another, and also to give additional power to the 
machine, a patent was recently taken out by Mr. George Straker, a ship-builder, 
of South Shields, — a perspective sketch of whose windlass is subjoined. The 
increase of power he obtains by fijing on the barrel of the windlass, at one end* 



a spur wlmel a, which is acted upon by a pinion b, whose axis turns in 
• bearings wnich support the windlass itself. Upon each end of the pinion axis 
are fi&d two circular appendages c c, which are formed like two crown ratchet 
whems, with only four teeth in each, placed face to face, and with the teeth 
directly opposite to each other, and only about an inch apart, so as to leave 
cavities between them of a suitable form to receive handspikes of the shape 
represented in the above cut, — the upper figure showing the operating end 
edgeways, and the low^ figure the same broadways ; wherein is shown a fork or 
slot for the reception of the axis, when it is being turned round. This forked 
end is of course made of iron, and sufficiently thin to pass up between the pro- 
jecting teeth of the pieces c c, when withdrawn a few inches ; and by this means 
it can be rained with facility ; and when it is pushed in, its shoulders d d rest on 
the projecting teeth, which enables the men to turn the pinion, and through that 
medium the windlass acts with great power. It will be perceived that by this 
arrangement; instead of having, as usual, to withdraw the handspikes, and 
insert th^jn in a fresh hole every time they arc brought down to the deck, they 
have only be withdrawn until their shoulders can pass outside of the project- 
ing teeth, moved past a second pair of teeth, and then returned again, till 
the shoulders rest firmly upon them. This is evidently a very convenient and 
excellent jnethod of working a windlass, and might be applied, as stated by the 
patentee in his specification, to windlasses, without the intervention of the spur- 
whe^anfl pinion. 

WINDMILL. A mill of any kind actuaTed by the impulse of the wind. 
They ajp of two kinds — vertical and horizontal. 

Vertical windmills (to which a decided preference has been hitherto given) 


894 


WINDMILL. 


usually consist of a strong shaft or axis inclining a little upwards from the 
horizonjWith four lopg yards or arms fixed to the highest end, perpendicular to 
the shaft, and crossing each other at right angles. Into thes? arms are mortised 
several small cross bars, and to them are fastjned two, three, or four longbar^ 
running in a direction parallel with the length of the arms; so that the bars 
Intersect each other, and form a kind of latticeowork, on which the cloth is 
spread to receive the action of the wind. These are called the sails, and are in 
the shape of a trepeziuin, usually about nine yards long and two wide. The 
direction of the wind being always very uncertain and variable, it becomes 
necessary to provide some contrivance for bringing the sails into a proper posi- 
tion for receiving its impression. Two methods have been devised for this 
c purpose, one of which is denominated the post-mill, the other, the smock-miH. 

The post-mill is so called from the circumihance of the mill being built round 
a massive cenfral post, made out of the whole trunk of a stout tree, which is 
sunk vertically in the ground, and supported^in its position by oblique struts or 
braces, which extend from a platform on the ground to the middle of the post, 
leaving 10 or 12 feet of the upper part free from the braces. The part thus left 
free from obstruction is rounded and made to pass through a circular collar, 
formed in the flooring of the lower chamber, and to enter into a sock^ fixed 
into the flooring of the upper chamber, and to one of the strongest cross-beams, 
which must sustain the whole weight of the mill-house ; so that by means of a 
pivot, or gudgeon, fastened on that part of the post which enters into the socket, 
the whole machine can turn about horizontally to face the wind. A strong 
framing, united by joints at the back of the mill-house, descends in a sipping 
direction to the ground, and is there fastened to short posts, when pl^ed in the 
position required for the sails to be acted upon by the wind. To this frame a 
ladder is attached, which leads into or out of the mill-house. To the bottom of 
this frame a rope is fastened and conducted to tackle in the mill-house, by which 
the frame can be lifted from the ground, while its position is being changed, in 
the manner of a capstan post, to suit the wind. 

The smock-mill does not depend upon a central post for its main support, but 
it is generally a strong independent building, the upper portion of which is 
usually a tower of the form of a trunfated cone, constructed of wood, and 
mounted upon a vertical wall of masonry, containing two or three floors, where 
the work of the mill is performed, — the tower above containing,, a vertical 
shaft, by which the motion and force is communicated from the sails to the* 
mill-stones. The head or cap in the upper part of the mill is provided, with 
a cap, which is contrived so that it may turn itself about as the wind changes ; 
for this purpose there is a nearly horizontal framed projection at the back part 
of the head, which carries some small sails acting as a vane, there being, con- 
centric .with the axis, a large grooved rii%, around which a circular hoop, 
provided with anti-fricEion rollers, traverses. , , 

The velocity of motion of the sails or vanes is very considerable. Mr. Fer- 
guson calculated the motion of the tips of the sails, even when operated upon 
by a very moderate wind, to be thirty miles per hour. 

Horizontal windmills, as their name implies, are such as are w3rked by their 
sails revolving in a horizontal plane. All disinterested authors who have writ- 
ten on this subject condemn them, as being very inferior in effect to those of 
the vertical kind. Smeaton considered their effect to be only onVeighth, but 
Dr. Brewster shows that they have from one-third to one-fourth of t|je effect of 
the vertical. It is probable, however, that means may be discovered of improv- 
ing them considerably. 

To ascertain the best form and position of windmill-sails, Mr. Smeaton insti- 
tuted a series of experiments, of which the results are given in thft subjoined 
table : — . 
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WINDOW. An aperture in the wall of a building, for the admission of 
light and air. Mo^tm windows are almost uniformly furnished with glazed 
frames, that open and close, besides shutters and blinds, by dfcich the admission# 
of the light and air may be easily regulated at pleasure. — See the Article 
Glazing. In this place we propose to notice several improvements which 
have of late years been made in the mechanical cdhstruction of windows. 

It has frequently been a subject of complaint, that our public edifices are 
I either insufficiently provided with the means of ventilation, or the arrangements 
for that purpose are very inconvenient. The oldest mode with which we are 
acquainted is that of casements hung upon hinges, and fastened by a latch. A 
later and more improved method was to hang the casements so as to swing 
^.ipon centre pivots; the opening and shutting^f these casements by pulleys and 
lines is always accompanied with noise, a^ they afford no defence from a 
shower of rain, nor to the prejudicial effects of the cold air descending on the 
heads of the persons assembled near to the tvindows. Another mode, lately 
introduced, is to cut out of the windows a sface to receive the half of a glazed 
hopper, which is attached to the window, projecting inwards, having a flap on 
the top, lying horizontally, and opening upwards. These hoppers are eXtremely 

Fig. 1. Fig. 2. 



unsightly in themselves, but are rendered still more so by the dust whidi lodges 
on them ; which dust is blown into the building when the flap is open jd for the 
admission of air. To remedy these inconveniences, Messrs. W. arxi D. Baily 
some years ago invented the arrangement delineated in the preceffing page , 
by which a ready mode of action on the upper part of the window is obtained 
by very simple machinery, while the symmetry of the window is preserved. 
Fig. 1 gives a front inside view of a window, with the apparatus attacjisd, and 
Jig. 2 is a side view of the samty a shows the flag of the window open \ hh a. 
bar to which the base of the flap is fixed, and on which it turns ; e a lever, 
having one end fastened to the extremity of the bar 6, aiid fumishtS at the 
other end with an eye, which receives the pin or stud d ; this stud is fixed on 
the vertical rod e, which terminates below in a rack /, and is secured in an 
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upright position by the loops or guides gg. through which it passes ; /ms a laii- 
, thorn pinion of tifo teeth, which when turned round by nfeans of the winch i, 
takes into the notches of the r%ck, and consequently draws down the rod e, or 
raises it, according to the direction in which the winch is turned. In the first 
case, the stud d draws the l*ver down, and consequently opens the window ; in 
the latter the stud is raised, and with it the lever, which shuts the window. ’ It 
may be proper to observe, that in case of the upper part of the window being 
square, and not having any mullions, it will be found necessary (to prevent the * 
entrance of the air at the side of the casement, when it opens) to have a frame 
with two angular sides attached to the windows, and these sides must have a small 
return rebate for the casement to fall against when it is fully opened, which wi]! 
prevent any inconvenience arisir^ from the form of the window. 

Servants and others employed in the cleaning and repairing of such windows 
in general provide so indifferertly for their security, while employed on the 
outside, that numerous accidents !»ave occurred, — some, of the most deplorable 
nature. The construction of the sash windows that we have now to notice, 
will nob only effectually prevent these accidents, hut will remain a permanent 
convenience to the house in which they may be adopted. In appearance these 
sashes resemble those of the common 
kind, and the upper and lower sash 
may be moved up and down in a si- 
milar manner. The outside of the 
sash may also he turned into the room, 
so thaf itsffiay he easily painted, glazed, 
or cleaned, by a person standing with- 
in the room, without the necessity of 
removing the slips or headings; by 
doing which the glass is frequently 
broken, and the beads lost, left loose, 
or dismatched, and a considerable ex- 
pense incurred. The "frame of the 
window is fitted with grooves, weights, 
and pulleys, in the usual manner ; the 
fillets onAhe sash are not made in the 
sam% piece with the sash frame, but 
fastened thereto by pivots, about the 
middle of the sash; upon these pivots 
the sash is turned round at pleasure, 
so aS to get at the outside without dis- 
turbing the fillets or grooves. When 
tjie sash is placed vertically (as the 
lower one in the figure) a spring catch on each side of it shoots into, and take 
hold of the sliding fillets ; so that in this case the sash slides up or down in the 
usual manner, hut can be immediately released, and turned inside-out by 
pushing baik the springs, aud at the same time pulling the sash inwards. This 
invention originated with Mr. Marshall, who communicated it to the Society of * 
Arts ; hut the invention, with sopie unimportant modifications, was subsequently 
patented by Mr.Tucly, probably from ignorance of Mr. Marshall’s prior claims. 

We noSce this fact, as windows of this kind are sometimes called Marshall’s, and 
at others Tucly’s patent revolving windows. On account of the additional expense • 
(from six to twelve shillings) of these windows above the ordinary kind, the 
builders do not encourage them ; but this additional e.xpense is scarcely worthy 
• of notic? by a private individual in building, when the important advantages 
it cowfqrs are taken hito account. 

To keep the sashes of ordinary windows equal distances from the sides, so 
that they may not he impeded in drawing up and down, (as is often the case, 
on account of tllte sash swinging as it is suspended by the'top,) Mr. Woolwich 
has proposed thi simple appendage represented in the annexed cut. Fiq. 1 is 
a plate of iron two inches long by one inch wide ; to the lower part of which is 
fixed a spring b, that carries a roller at its upper end, and at c c are two hob-s 
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to admit screws to fit,it Its application to a sash is shown at d d. The groove 
may be cut in the sfde of the sash sufficiently deep for the i#iole to be buried. 


e 



when the spring is forced in, as the elasticity of the spring will project the roller 
sufficiently to steady the sash. 

One of the principal objections to sliding sashes in shop windows, is the^ie- 
cessity in most cases of making a broad casing for the balance weig^rt^to pass 
up and down, which excludes the light, and so much space for the exhibition of 
goods, and is besides unsightly, according to the prevailing taste in these 
matters. To obviate these objections, sliding sashes have sometimes been made 
with a long train of pulleys and lines, to carry the weights to a distant situation, 
where there would be the least incumbrance. Mr. Lockart, of Poland-street, 
has however ingeniously contrived to place the weights in a horizontal position 
above the window, which is a vety convenient situation,*and the means adopted 

Fig. 1. 




for that purpose are calculated to work well. Fig. 1 in the anntxed»sketchM • 
represents an elevation, and Fig. 2 apian, the corresponding !ei Iters in, each 
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referring to similar parts, a is the upper sash closed ; I the lower sash partly 
opened ; a the weight to the upper window ; o the weight^o the lower window ; 

^ e are the pulleysion which the lines run. The dark spaci above the window 
has been drawn too large in proportion to the other parts, but with the view of 
showing the arrangement more clearly. When the lower sash I is pulled down, 
the weight a is drawn close up under the pulleys, the curved pieces being cut out 
of the weights for that purpose. When the upper sash u is brought down, the 
weight a is drawn up close to the pulleys. , 

To arrange these several parts to act properly, it will be necessary to observe 
the depth of the casing above the window, where the weights are to move ; if 
that be (for instance) the fourth part of the range of the sashes in their 
grooves, then the pulleys on which the lines that suspend the sashes are coiled^ 
must be four times the diameter (ff their axes, that take up the lines from the 
weights. As by this arrangement, the weights only move through a fourth part 
of the space of the sashes in the feme time (by the cords passing round pulleys 
showing these relative proportioi*,) it follows that the weights must be four 
times the weight of the sashes to balance them ; and to save space, the weights 
should Ije of lead. By this arrangement it will be observed that there is only 
one dhse for the weights instead of two, and that the situation above the window 
is more convenient for repair than at the sides. For pastry-cooks, butchers, and 
market shops generally, this improvement ofiers great convenience and 
advantage. 

Mr. Thomas Prosser, an architect of Worcester, patented, in 1830, “certain 
improvements in the construction of window-sashes, and in the mode of hanging 
the sani^\ which appear to us deserving the attention of the reader. He 
proposes to attach the upper and lower sashes to the same lines which pass over 
a pulley attached to each side of the frame near the top of the window. These 
are of the kind usually called side pulleys, which have their axes at right angles 
to the surfaces to which they are attached. The small frames in which the 
pulleys turn are movable, in dovetailed grooves, in the window-frames, and 
adjustable by a screw to regulate the tension of the sash lines. The two sashes 
are thns made to balante each oth^r, entirely obviating the necessity for the 
metallic counterpoises usually employed to facilitate the raising and lowering of 
the sashes. From this description it will be perceived that one of the sashes 
, cannot be*moved without moving the other, so that the opening can never he 
made»entirely at the top or bottom of the window, but an equal portion of it 
wil>be at each. 

The method of attaching the lines to the sashes consists in tying neatly 
to the ends of the lines small pieces of metal, with longitudinal rectangular 
slits, which pass over T studs fixed into the sashes, with their heads across, 
by which the lines are secured from being accidentally detached when once they 
aijb hooked on. Insteild of the beads which are generafly fixed to the frame on 
each side of a window-sash, as guides to keep it in its place while stationary, 
and to preserve their perpendicular position while elevated or depressed, this 
patentee fixes a single rod into the frame, which fits accurately into a groove in 
the side of the sash. This constitutes a fitting less pervious to the weather than ^ 
that usually adopted, at the same time that it affords great facility in cleaning 
the windows i !<»■> as the guide-rgd of the lower sash does not extend more than 
half-way down, so that the low'er sash being elevated to the top of the window, 
escapes fts guide-rod, and may be turned inside-out, and the upper sash being 
lowered th the bottom may be similarly reversed ; so by this means all parts • 
of the window can be brought within reach of a person in the room, for the 
^ purpose ^f cleaning or repairing. 

We now proceed to describe a mode of securing house and shop wiirdows 
from Hh* depredations of robbers, which is applicable also to doors, gates, safe.s, 

&c., which was the subject of a patent gran^d to Messrs. Don and Smith, ot' 
Pentonville ; and consists in the construction and adaptation of metallic shutters., 
arran^d horizonfally, in such manner that when the window or door is closed 
each shutter forms a handsome panel; and when opened, they are eniirelv 
withdrawn, and deposited behind the entablature, or in the brickwork above or 
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below the window. The patentees likewise claim the public patronage for 
another property pqgfessed by their metallic shutters, — that of a ready conver- 
sion into sun-blinds ; but there will doubtless be many exceJKions taken to the, 
employment of so quick a conductor of heat, and of so ponderous a material as 
iron, for such a purpose. But whatever may be the substance used, the obvi- 
ating of the necessity of sitn-blinds as a separSte appendage is worthy of 
consideration. 

In the annexed engraving is represented a perspective view of the corner- 
house of a street, in which the metallic shutters and sun-blinds are exhibited as 
applied thereto. At a is a shop-window, and at 6 a shop-door, over which is 



projected two of the metallic shutters as a sun-blind, having also end blinds of 
silk cloth or other desirable substance, in the form of sectors of circles. In this 
case the third shutter, which forms the set, indrawn up and deposited behind 
the entablature. On the first floor above the shop, c c exhibits the aOTlication 
of the same thing on a small scale to private windows. At d is showij^ a window 
unclosed ; that is, the shutters are supposed to be withdrawn entirely, and 
deposited immediately above or below it, as the patentees adapt them to both 
situations. At e is a window entirely closed by the shutters, presenting 
barrier against burglars, said to be bullet-proof ; and at o is shown one ^of the 
shop windows, similarl}' closed. Tlie shutters are made in the following^anner. 
Having determined the numbei*of plates or pannels a shutter is to cont.ain, 
(usually three or four,) the iron or steel plates are well hamm^'ed in the jjanner 
of saw plates, so as to condense the metal and flatten the surfeces. The plates 
are then enclosed in grooves made in a rectangular frame of bar-iron, and 
strongly riiettcd thereto. Thus framed, they are connected together at 
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pleasure, by the lower horizontal bar of one, and the upper one of the next 
being cut into acute angles, that hook into one anothetj and they are thus 
•drawn up or let dlwn in succession, by sliding with their vertical sides in deep 
grooves cut in bars of wrought iton, which form the styles to the window. The 
upper portion of these grooved metallic styles is made to separate from the 
lower, by turning upon a pivot or binge joint, at the top of the window, by 
which means the shutters, while contained in the grooves, may be projected out 
to an angle of about 60 degrees from the perpendicular, and form the sun- • 
blinds. The patentees have designed several movements for raising or lowering 
the shutters ; but we adopt that which is specified under the patent, with 
reference to the annexed sectional figure. From a and 6 to c and d, is one of 



the side styles to the window ; from a to / is a continuation of the style and 
frame hehisid the entablature, where all the three shutters g, h and i, are drawn 
up and deposited, when the shutters are not in use. The groove for the upper 
shutter^ does not permit it to descend lower than h, nor does the groove for the 
middle shutter h permit that to descend fiirther than c, but the groove for the * 
lower shutter i is extended from the top / to'the bottom d. The sun-blind is 
• projected only when they are all down, by which means the two upper shutters 
are unlocked from the lower, and the latter is afterwards drawn up to the top, 
as shown in the figure. To the movable part of the style is fixed a curved 
rack h, the teeth of which geer into those of«B pinion Ij the axis of this pinion 
carri^ a winch by turning which, the sun-blind is thrown out, or drawn in. 

To steady the rnption of the blind, the movement described is made to commu- 
nicate with a similar rack and pinion on the opposite side of tlie window ; for 
this purpose there is placed on the axis of the pinion I behind it, a small eliain 
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pulley, round which an endless pitched chain n passes, and also over a similar 
pulley o; the axis o^Hhe last mentioned is a long shaft, extending horizontally 
across the window (above the glass) to the opposite side, whete a corresponding • 
apparatus projects, and supports that side of 4he sash blind. In order to fix 
the blind at any required angle that it may be desired to project it, there is on 
the axis of i, a ratchet-wheel, with a pall above p, (thich falls into the teeth on 
its periphery, and prevents its return without being lifted up. 

The side or end blinds, one of which is represented aty, are made of cloth, or 
other flexible substance ; one side is attached to the projecting part of the style, 
and the other, passing through a long and very narrow slit, is attached to a conical 
roller r ; when the Gutters composing the blind are drawn in, the conical roller 
ir turned by means of a descending weight s, which then winds upon it, in even 
layers, the sectorial blind. To the mid^e of t*e lower edge, and at the back of 
the bottom shutter i, a suitable line or chain is attached. This line is carried up ■ 
vertically, then passes over a pulley at the top dt the frame, and from thence over 
side pulleys down to a barrel on one side, oif which the cord is wound. The 
lower ledge of the shutter > has likewise a projecting ledge; on the drawing up 
of the lower shutter, therefore, by the' cord and winch described, the’bottom 
edges of the middle and upper shutters come in contact with, and rest upo3 the 
ledge, and are thereby carried up altogether into the casing behind the entabla- 
ture ; to keep the shutters in the situation they are thus put, a pall drops into 
the teeth of another ratchet-wheel placed on the axis of the winding barrel. 

Subsequent improvements have been effected upon the foregoing, which 
chiefly consist in substituting, for the movement we have described, long re- 
volving screws extending from top to bottom on each side of the wufd^w. A 
simultaneous motion is effected in the screws, by means of a bar extending across 
the bottom of the window, and connecting, by bevil wheels, both screws with a 
winch handle by which they are turned. Upon the screws are fitted nuts, to 
which are attached the shutters ; and, therefore, by the operation of turning the 
handle, the shutters are steadily raised or lowered into or out of their case. 

WINE. A term applied by chemists to all k’quids that have beconre 
vinous by fermentation ; but it is popularly jjonsidered aS confined to saccharine 
vegetable substances that have been converted into a vinous liquid. It seems 
to be a necessary condition, that sugar must be present in a vegetable, to enable 
it to ferment and become vinous ; but this, according to late discovft-ies, will ^ 
not exclude starch, gum, and other similar products, which are capable of being 
converted into saccharine matter. Lavoisier stated that pure sugar alone wo*Id 
not ferment, but that some extractive matter, or yeast, must be added to enable 
it to undergo the vinous fermentation ; and he considered that the effects of^this 
fermentation consisted in separating the sugar^ which is an oxide, into parts ; 
in oxygenating the one, at the expense of the other, to form carbonic acid ; in 
disoxygenating the other in favour of the first, to form a Combustible substanc^ 
termed alcohol ; so that, were it possible to combine these two substances, 
the alcohol and the carbonic acid might reproduce sugar. It is necessary to 
remark, that the hydrogen and carbonic do not exist in the state of oij in alcohol, 
being combined with a portion of oxygen, which renders them miscible with 
water. These three principles, therefore, the oxygen, the hydrogen, and the car- 
bonic, are here in a kind of equilibrum ; and, in fact, by causing thgm to pass 
through a red-hot tube of glass or porcelain, we may recombine them, two and 
two together, and the product will he water, hydrogen, carbonic acid, and^arbon. 

In all wines may be distinguished an acid, alcohol, tartar, an Attractive 
matter, aroma or odour, and a colourless principle, — the whole being diluted or 
dissolved in a smaller or larger proportion of water. An acid exists in all wines, but ^ 
all are not acid in the same degree. Of some wines a natural acidity is the prin- 
cipal characteristic ; those produced from grapes not perfectly ripe, or that^ow 
in moist climates, are of (Jiis kind ; evhilst such as are the product of the fermenta- 
tion of grapes that have attained complete maturity and sweetness, contain but 
a very small quantity of acid. The proportion of acid appear^ therefordf to be 
in the inverse ratio of the saccharine principle, and consequently of the alcohol, 
nhichis produced by the decomposition of the sugar. Alcohol forms the true 
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characteristic of wine. It is the product of the decompoation of sugar ; and its 
^ quantity is alwayj proportionate to that of the sugar that Uhs been decomposed. 
Alcohol abounds more in son^e wines than it does in others; those of hot 
climates contain a large quantity of it; whilst those of cold climates contain 
scarcely any. Ripe and staeet grapes produce it in abundance ; hat the wines 
made of grapes that are unripe, watery, and sour, yield very little. 

The following is Mr. Brande’s valuable table of the quantity of alcohol in 
different kinds of wine and spirituous liquors : — 

Proportion of 
Alcohol per cent. 


by measure. 

1. Lissa, average of (»vo samples 25.41 

, 2. Raisin wine, average of three samples . . . . 25.12 

3. Marsala, average g{ two samples 25.9 

4. Madeira, average o£ four samples 22.27 

5. Currant wine 20.55 

, 6. Sherry, average of four samples 19.17 

• 7. Teneriffe 19.79 

8. Cohires 19.75 

9. Lachryma Christi 19.70 

10. Constantia, white 19.75 

11. Ditto . . red 18.92 

, 12. Lisbon 18.94 

•r^lS. Malaga, (1666) 18.94 

^r4. BuceUas 18.49 

15. Red Madeira, average of two samples .... 20.35 

16. Cape Muschat 18.25 

17. Cape Madeira, average of three samples . . . 20.51 

IS. Grape wine 18.11 

19. Calcavella, average of two samples .... 18.65 

20. Vidonia . • 19.25 

21. Alba flora . . .• 17.26 

22. Malaga 17.26 

,23. White Hermitage 17.43 

• ^ 24. Roussillon, average of two samples .... 18.13 

, 25. Claret, average of four samples 15.10 

26. Malmsey Madeira 16.40 

27. Lunel 15.52 

• 28. Sheraaz 15.52 

29. Sj'racuse ...» 15.28 

, 30. Sautem^ t . 14.22 

' 31. Burgundy, average of four samples .... 14.57 

32. Hock, average of three samples . ..... 12.08 

33. Nice 14.63 

34. Barsac 13.86 

35. Tent 13.30 

36. Champagne, averse of four samples .... 12.61 

ST. Red Hermitt^e 12.32 

^ 38. Viu de Grave, average of two samples . . . 13.37 

i39. Frontignac . . . ; 12.79 

40. Cote Rotie 12.32 

•41. Gooseberry wine 11.84 

• • 42. Orange wine, average of six samples, made by a 

, London manufacturer 11.26 

* 43. Tokay 9.88 

44. Elder wine 9.87 

• 45. Cider, highest average 9.87 

Dkto lowest ditto ......... 5.21 

46. Peny, average of four samples 7.26 

47. Mead 7.32 
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Proportion of 

• Alcohol per cent. 

^ by measure, 

48. Ale, (Burton) 8,88 

Ditto (Edinburgh) 6.20 

Ditto (Dorchester) ,. . . . 5.56 

49. Brown Stout 6.80 

50. London Porter, average 4.20 

51. Ditto Small Beer, ditto 1.28 

52. Brandy 53.39 

53. Rum 53.68 

< 54. Gin 51.60 

55. Scotch Whiskey f 54.32 

56. Irish ditto 53.90 


Tartar exists in verjuice, as also in must ; it contributes to facilitate the forma- 
tion of alcohol. When left at rest in cask3,^t deposits itself upon the sides, 
forming a crust more or less thick, with crystals of irregular forms. Some time 
before the vintage, when the casks are to he got ready for receiving the new 
wine, they are staved, and the tartar detached from them, in order to b^ em- 
ployed in the different uses of commerce. This salt has little solubility in cold 
water, hut considerably more in boiling water. It scarcely dissolves at all in 
the mouth, and it resists the pressure of the teeth. The extractive principle 
abounds in must, when it appears to be dissolved by the aid of the sugar; but 
when the saccharine principle is decomposed by means of fermentation, the 
quantity of extractive matter sensibly diminishes, a part of it deposit^nff^lf in a 
fibrous form, and this deposit, which principally constitutes the lees, is the 
more considerable in proportion as the fermentation is more gentle, and the 
alcohol more abundant. This deposit is always mixed with a considerable 
quantity of tartar. There always exists in wine, a proportion of extractive 
matter in a state of solution, which may be separated &om it by means of eva- 
poration. It abounds inore in new wines than in old ones ; and the older the 
wine grows, the more completely is it freed from the extractive principle. All 
natural wines have an odour more or less agreeable to the smell. Some of them 
owe their reputation in a great measure to the perfume which they exhale. This 
is the case with Burgundy. This perfume is lost by too violent a ferrilentation, 
and becomes stronger by age. It seldom exists in very spirituous wines, either 
because it is concealed by the strong smell of the alcohol, or because it has Iften 
destroyed or dissipated by the violent fermentation that was requisite to develop 
the spirit. The colouring principle of wine belongs to the skm of the grape ; 
for when the must is suffered to ferment without it, the wine is white. This 
colouring principle does fiot dissolve tiU the alcohol is developed ; it is only then 
that the wine acquires its colour, which is deeper in proportion to the violenje 
of the fermentation. If we expose bottles filled with wine to the rays of tne 
sun, a few days are sufficient to precipitate the colouring principle in large 
pellicles ; the wine losing neither its perfume nor its strength. • 

A very great number of vegetable substances may be made to afford wine, 
as grapes, currants, mulberries, elders, cherries, apples, pulse, beans, peas, 
turnips, radishes, and even grass itself. HeBce, under the class «f wines, or 
vinous liquors, come not only wines, absolutely so called, but also ale, cyder, &c. 
The term wine is however in a more particular manner appropriate to the 
liquor drawn from the fruit of tlie vine. The process of making mne is as 
follows : — When the grapes are fipe, and the saccharine principle is developed, 
they are then pressed, and the juice which flows out is received in vejsels of a ^ 
proper capacity, in which the fermentation appears, and proceeds in the follow- 
ing manner. At the end of several days, and frequently after a few hosifs, and 
according to the heat ot the atmftphere, the nature of the grapes, the quantity 
of the liquid, and temperature of the place in which the operqjion is performed, 
a movement is produced in the liquor, which continually increases ; the folume 
of the fluid increases ; it becomes turbid and oily ; carbonic acid is disengaged, 
which fills all the unoccupied part of the vessel ; and the temperature rises to 
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75® Fahrenheit. The skins, stones, and other grosser natters of the grapes, 
are buoyed up by the particles of disengaged air that adhlre to their surface, 
lare variously agitJted, and are raised in form of a scum, or soft and spongy 
crust, that covers the whole liquor. During the fermentation, this crust is fre* 
quently raised, and broken ly the air disengaged from the liquor, which forces 
its way through it ; afterwards the crust subsides, and becomes entire as before. 
These effects continue while the fermentation is brisk, and at last gradually 
cease : then the crust being no longer supported, falls in pieces to the bottom of 
the liquor. At this time, if we would have a strong and generous wine, all 
sensible fermentation must be stopped : this is done by putting the wine into 
close vessels, and carrying these into a cellar or other cool place. After this* 
first operation, an interval of repo* takes place, as is indicated by the cessation 
of the sensible effects of the spirituous fermentation ; and thus enables us to 
■spreserve a liquor, no less agreeab^ in its taste, than useful for its reviving and 
nutritious qualities when drunk njoderately. In this new wine a part of the 
liquor probably remains, that has not fermented, and which afterwards ferments, 
but so very slowly, that none of the sensible effects produced in the first fermen- 
tation arS here perceived. The fermentation, therefore, still continues in the wine, 
during a longer or shorter time, although in an imperceptible manner; and 
this is the second period of the spirituous fermentation, — which may be called the 
imperceptible fermentation. We may easily perceive that the effect of this 
imperceptible fermentation is the gradual increase of the quantity of alcohol. 
It has also another effect no less advantageous ; namely, the separation of the ' 
acid*sal( called tartar from the wine. This matter is therefore a second sediment 
that is forbid in the wine, and adheres to the sides of the containing vessels. 
As the taste of tartar is harsh and disagreeable, it is evident that the wine, 
which, by means of the insensible fermentation, has acquired more alcohol, and 
has disengaged itself of the greater part of its tartar, ought to be much better 
and more agreeable ; and for this reason chiefly, old wine is universally prefer- 
able to new wine. But insensible fermentation can only ripen and meliorate 
the wine, if the sensible fermentation have regularly proceeded, and been 
stopped in due time. We know certaiBly, that if a sufficient time have not been 
allowed for the first period of the fermentation, the unfermented matter that 
remains, being in too large a quantity, will then ferment in the bottles or close 
i^essels in w^icb the wine is put, and will occasion effects so much more sensible 
as the first fermentation shall have been sooner interrupted ; hence these wines 
are afways turbid, emit bubbles, and sometimes break the bottles, from the large 
quantity of air disengaged during the fermentation. 

We jiave an instance of these effects in the wine of Champagne, and in others 
of the same kind. The sensible fesmentation of these wines is interrupted, or 
rather suppressed, that tjjey may have this sparkling qualty. It is well known 
thaf these wines make the corks fly out of the bottles ; that they sparkle and 
frotn when they are poured into glasses ; and lastly, that they have a taste much 
more lively and piquant than wines that do not sparkle ; but this sparkling 
quality, and all the effects depending on it, are only caused by a considerable 
quantity of carbonic acid gas, which is disengaged during the confined fermenta- 
tion that the wine has undergone in close vessels. This air not having an 
opportunity oftescaping, and of beiHg dissipated as fast as it is disengaged, and 
being interposed betwixt all the parts of the wine, combines in some measure 
with themf^d adheres in the same manner as it does to certain mineral waters, 
in which it produces nearly the same effects ; wjien this air is entirely disen- 
gaged from these wines they no longer sparkle, they lose their piquancy of taste, 
become mil^ and even almost insipid. 

Such are the qualities, Dr. Ure observes, that wine acquires in time, when its 
first ferrfiefttation has not continued sufficiently long. These qualities are 
given purposely to certain kinds of wine, to indulge taste ^r caprice ; but such 
wines ar^supposed yy be unfit for daily use. Wines for daily use ought to have 
undergone so completely the sensible fermentation, that the succeeding fer- 
mentation shall be insensible, or at least exceedingly little perceived. Wine, 
in which the first fermentation has been too far advanced, is liable to worse 
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inconveniences than ^at in which the first fermentation has been too quickly’ sup- 
pressed ; for every ffirinentable liquor is, from its nature, in a continual intestine 
motion, more or less strong according to circumstances, fronfthe first instant ot» 
the spirituous fermentation, till it is coinpletel)^ purified ; hence, from the time of 
the completion of the spirituous fermentation, or^even before, the wine begins 
to undergo the acid, or acetous fermentation. This acid fermentation is very 
slow and insensible, when the wine is included in very close vessels, and in a 
cool place ; but it gradually advances, so that in a certain time the wine, instead 
of being improved, becomes at last sour. This evil cannot be remedied ; because 
the fermentation may advance, but cannot be reverted. — Faurcroy, Tire, Brande. 
^O.tford Cyclopedia. 

WIRE. Metallic threads, or fine rods, produced by forcibly drawing the 
ductile metals through a hole of less area than their previous traiisverse sections. 
The sizes of which wire are made are from tluee-eighths of an inch in diameter* 
to that of the four-thousandth part of an inch. For the purposes of embroidery and 
similar work, gold and silver are commonly drawn to such fineness as to be 
flexible, and as conveniently wrought with a needle, as the filaments of silk, flax, 
&c. with which they are usually mixed. See the articles Gold and STltor. 

The earliest attempt to draw ductile metal into threads, by forcing them 
through holes in a steel plate, does not appear to be determined. At first, wire 
was formed entirely by the hammer; and tliis process of art _ soon became a 
distinct trade. Beckman observes, “ As long as the work was performed by the 
hammer, the artists at Nuremberg were called wire-emiths, but after the invention 
of drawing iron, they were called wire-drawers, or wire-millers. E^h these 
appellations occur in the history of Augsburg, so early as the ye*^T351, and 
in that of Nuremberg, in 1360; so that, according to the best information I 
have been enabled to obtain, I must class the invention of the drawing-iron, or 
proper wire-drawing, among those of the fourteenth century'.” About two 
hundred years, however, elapsed before the art was introduced into this 
country; nevertheless, the skill of our native artists soon enabled them to 
surpass the foreign manufacture, if any reliance can placed in the statement 
contained in a proclamation of King Charles I. in 1630, wherein it is set forth, 

“ That iron-wire is a manufacture long practised in the realm, whereby many 
thousands of our subjects have long been employed ; and that English wire, of 
the toughest and best Osmond iron, a native commodity of this kmgdom, an4 
is much better than what comes from foreign parts, especially for makiilg wool- 
cards, without which no good cloth can be made.” 

For the manufacture of wire for piano-fortes and other musical instruments, 
Berlin has long been celebrated ; and it still deserves a preference fqj: these 
purposes, in the opinion of many of our artists. 

For making iron wiA, none but the very best and toughest iron should be used , 
that made entirely frSm charcoal and of the Cumberland ore having the preferfcce. 
Formerly the bars were reduced to the required sizes for the wire-drawer by tlitmg 
it ; but now we understand the manufacturers roll the bars down through sma 
grooved rolls to very small sizes, and thus materially save the lahpur of drawing. 
The rolls for this purpose are the same as described in the article Iron (which 
see,) but are superiorly finished, and fitted im with great accuracy of adjustment, 
so as to roll very perfect cylinders of wiredovm to an eighth of an inch in diameter. 
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is made, may be readily conceived. For the rims of pots, kettlae, and otiicr 
kinds of “ hollow ware,” as made by the tinmen or braziers, whereiii the cop^r 
or tinned plate is wrapped round the wire, the black wire is equally useful with the 
bright ; for these purposes, and all others where the wire is hidden,* or is to be 
^inted, the rolled Wack wire is preferred, on account of its greatly inferior cost. 
Whether wire be drawn by water, steam, or hand-power, th^process is^early the 
same, and the tools very similar. In order to get the end ofithe wire through the 
first reducing hole in the draw-plate, it is sharpened by hammering or filing ; 
being then inserted through the plate, the latter is laid so as to take its bearing 
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against two stout pins fixed vertically in a solid, firm, bench, and the end of the 
wire is griped by a pair of pincers attached to a chain ; tlft^ross lever of these 
.pincers are so forn^d, that the chain when pulled has a tendency to draw them to- 
gether, and in proportion to the force applied to them, do they bite or gripe the wire; 
by means of a powerful lever the wire is now drawn through the hole in the plate, 
which is well lubricated witlf grease ; and when a sufficient extent has been thus 
drawn through, the end of the wire is fastened to a cylinder to which the power 
is applied, and the wire coiled upon it as it comes through the plate. The new 
wire thus drawn is very stiff and hard, and requires annealing prior to the next 
drawing process. When annealed it is put into a vessel containing an acid 
liquor, and then scoured bright before it is passed through a second or smaller 
hole, in which the operation is repeated as many times as may be found neces* 
sary to reduce it to the size require*, — annealing, treating with acid, and scouring, 
» at every succeeding operation. It is said, that in order to heat this acid liquor, 
at an eminent manufactory, sorfle ingots of brass which were at hand were 
heated red hot and quenched in it? It was afterwards found that the iron wire 
treated with this acid liquor, was covered with a thin film of copper, (derived 
fi'om a slight solution of the heated ingot to the acid,) and that the wire was in 
consequence drawn through the plates with much greater facility than usual, 
the copper evidently acting as a lubrication to decrease the attrition between the 
wire and the draw-plate. In consequence of this accidental discovery, the 
practice has Been since continued at the manufactory, of employing a weak 
solution of copper in the acid liquor used in iron and steel wire-drawing. The 
slight coat of copper is got rid of in the last annealing process. 

To prSS’tf e a perfect and durable wire-drawing plate, is a work of considerable 
art; and Bntish skill has in this respect been long su^assed by the French, from 
whom all our best “ draw-plates ” are obtained. The process by which our 
ingenious neighbours attain their superiority, must therefore be of suflScient 
importance to our countrymen, to entitle it to a place in our work. In vol. xv. 
of Les Arts et MHkrs is the following account of the process, by .M. Du. Hamel. 

“ A band of iron is forged, of two inches broad, and one inch thick. This is 
prepared at the great fSrge. Aboqf a foot in length is cut off, and heated to 
redness in a fire of charcoal. It is then beaten on one side with a hammer, so 
as to work all the surface into furrows or grooves, in order that it may retain 
, the substaftce called the potiii, which is to be welded upon one side of the iron, 
to form the hard matter on which the holes are to be pierced. This potin is 
notlfing but fragments of old cast-iron pots ; but those pots which have been 
worn out by the continued action of the fire, are not good ; the fragments of a 
new pot, which has not been in the fire, are better. 

The workman breaks these pieces of pots on his anvil, and mixes the pieces 
with charcoal of white wood. He put this in the forM, and heats it till it is 
mWted into a sort of pt&te ; and to purify it, he repeatsrhe fusion ten or twelve 
times, and each time he takes it with the tongs to dip it in water." M. Du 
Hamel says, this is to render the matter more easy to break into pieces. 

“ By thes^ repeated fusions with charcoal, the cast iron is changed, and its 
qualities approach those of steel, but far from becoming brittle, it will yield to 
the blows of the hammer, and to the punch, which is used to enlarge the holes. 
The bar of yon which is to mahe the draw-plate, is covered with a layer of 
pieces of the potin, or cast iron thus prepared. It is applied on the side which 
is furrowed, and should occupy about half an inch in thickness. The whole is 
then wrapped up in a coarse cloth, which has been dipped in clay and water, 
mixed up^ thick as cream, and is put into th^ forge. The potin is more fusi- 
ble than *e forged iron, so that it will melt. The plate is withdrawn from the 
fire occasionally, and hammered very gently upon the potin, to weld, and in 
some ifteasure amalgamate it with the iron, which cannot be done at once ; but it 
must be repeatedly heated and worked, until th*potin fixe,^ to the iron. The work- 
man then throws dry powdered clay upon it, in order, they say, to soften the potin, 

“ nil union beqSg complete, the plate is again heated, and forged by two work- 
men, who draw out the plate of one foot to a lengtlFof two feet, and give it the 
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form it is to have. It is well known, that cast iron cannot be worked at the 
forge without breakj.tlg under the hammer ; but in the present instance, it is 
alloyed with the iron-bar, and is drawn out with it. It hastplso acquired new, 
properties by the repeated hisions with charcoal. 

“ The holes are next pierced whilst the plate is hot. This is done with a well- 
pointed punch of German steel, applied on that fide of the plate which is the 
iron-bar. It requires four heats in the fire to punch the holes, and every turn 
a finer punch is employed, so as to make a taper hole. The makers of draw- 
plates do not pierce the holes quite through, but leave it to the wire-drawers to 
do it themselves when the plate is cold, with sharp punches, and then they open 
the hole to the size they desire ; and although this potin is of a very hard sub- 
Kance, the size of the hole may be reduced W gentle blows with a hard ham- 
mer, on the flat surface of the plate round the hole. 

“ A great many holes are made in the same plate; and it is important that • 
they should diminish in size by very imperceptfble gradations ; so that the work- 
man can always choose a hole suitable for tire wire he is to draw, without being 
obliged to reduce it too much at once.” 

The next considerable wire manufactory in France, and probably in the 
world, is that of the Messrs. Mouchel, situated at L’Aigle, in the department of 
L’Ome. It furnishes annually in cards, for wool-combing only, 100,000 
quintals of iron-wire = 10 millions of pounds! The whole of this is not 
required for home consumption, but is exported to Spain, Portugal, Italy, and 
other countries. As the excellence of their products is in a great measure 
attributable to the perfection of their draw-plates, we shaD here add th^rOftess 
of preparing them, as described by the Messrs. Mouchel, which diS‘^|>^om that 
previously explained. 

" Several pieces of iron are disposed in the furnace, in . the form of a box 
without a lid, their weight being according to the use for which they are intended 
to be made. The workman fiUs each of these boxes with cast steel, and having 
covered it over with a luting of clay, it is exposed to a fierce fire until the steel 
be melted. His art consists in seizing the proper moment to withdraw the plate 
from the fire ; he raises the luting, and blq^s on it through a tube, in order to 
drive off all heterogeneous parts, and then amalgamates it with the iron by light 
blows ; after it is cool, he replaces it at the fire, where the fusion again takes 
place, but to a less degree than before ; he afterwards works the steePwith light , 
blows of the hammer, to purify and solder it with the iron. This operation is 
repeated from seven to ten times, according to its quality, which renders it ilfore 
or less difficult to manage. During this process, a crust forms on the steel, 
which is detached from it the fifth time of its exposure to the fire, because this 
crust is composed of an oxidated steel, of qn inferior quality. It sometimes 
happens that two, and even three, of these crusts are formed of about two mil- 
limetres, or one-sixteentn of an inch, in thickness, whicli must also be removW. 

“ After all these dififerent fusions, the plate is beaten by a hammer wetted with 
water, and the proper length, breadth, and thickness, are given to it. When 
thus prepared, the plates are heated again, in order to be pierced \pth holes by 
punches of a conical form ; the operation is repeated five or six times, and the 
punches used each time, are progressively smaller. It is of importance that 
the plate never be heated beyond a cherry-red, because if it receives a higher 
degree of heat, the steel undergoes an unfavourable change. The plates, when 
finished, present a very hard material, which nevertheless will yieft to the 
strokes of the punches and hammer, which they require when the hofes become 
too much enlarged by the frequeljt passing of the wire through them.. 

“ When the plates have been repaired several times, they acquire a^egfee of^ 
hardness which renders it necessary to anneal them, especially when they pass 
from one size to another ; sometimes they do not acquire the propev Quality 
until they have been annealed Several times. Notwithstanding all the pre- 
cautions which are taken in preparing the plates, the steel still varies a little in 
hardness, and according to this variation they should be empb>yed for Rawing 
either steel or iron-wire ; and if the workman who proves them finds that they 
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are too soft for either the steel or iron, they are put aside, to be used by the 
brass-wire drawers. 

“ A plate that is best adapted for drawing of steel wire 4s often unfit for the 
• iron ; for the long pieces of this latter met^ will become smaller at the extre- 
mity than at the beginning, because the wire, as it is drawn through the plate, 
is insensibly heated, and thg adhering parts are swelled, consequently pressed 
and reduced in size towari the latter end. The plates that are fit for brass 
are often too soft for iron, and the effect resulting is the reverse of that produced 
by a plate that is too hard. * 

“ The smallest plates which Messrs. Mouchel use are at the least two cen- 
timetres, or eight-tenths of an inch, in thickness, so that the holes can be 
made sufficiently deep ; for when they are of a less thickness they will seize the 
wire too suddenly, and injure it. • 

“ This inconvenience is much felt in manufactories where they continue to use 
the plates for too long a time, at they become exceedingly thin after frequent 
repairs. One of Messrs. MoucheJ’s large plates reduces 1,400 kilogrammes 
(3,080 lbs. avoirdupois) from the largest size of wire to No. 6, which is of the 
thickn^s of a knitting-needle ; 400 kilogrammes (880 lbs.) of this number are 
afteiwards reduced in one single small plate, to No. 24, which is carding-wire ; 
and to finish them, they are passed through twelve times successively. Wires 
are frequently drawn so fine as to be wrought along with other threads of silk, 
wool, or hemp ; and thus they become a considerable article in the manu- 
factures.” 

“ Dr. Wollaston, in 1813, communicated to the Royal Society, the result of hi* 
experics^nts in drawing wire. Having required some fine wire for telescopes, 
and remeiilbering that Muschenbrock mentioned wire 500 feet of which weighed 
only a single grain, he determined to try the experiment, although no method 
of making such fine wire had ever yet been published. With this view, he took 
a rod of silver, drilled a hole through it only one-tenth its diameter, filled this 
hole with gold, and succeeded in drawing it into wire till it did not exceed the 
three or four-thousandth part of an inch, and could have thus drawn it to the 
greatest fineness percejtfible by the senses. Drilling the silver he found very 
boublesome, and determined to trf to draw platina wire, as that metal would 
bear the silver to be cast round it. In this he succeeded with greater ease, 
drew the f latina to any fineness, and plunged the silver in heated nitric acid, 

• which dissolved it, and left the gold or platina wire perfect.” 

^n*1819 a patent was taken out by Mr. Brockedon, for mounting the wire- 
drawing plates with diamonds, sapphires, rubies, and other hard gems ; in these 
conical holes were to be drilled, with their extremities rounded ofli; which were 
afteowards to be polished by the processes known to lapidaries. By these means 
it was expected the wire might be more equally and cylindrically drawn, owing 
t^the impenetrable hiyrdness of the gems, which wou'ii not sensibly wear from 
tLjp same cause. 

As the repeated annealings to which iron wire is subjected, to cause it to 
yield to the resistance of the draw-plate, would be destructive of the property from 
which steek derives its utility, steel wire, therefore, during the process of 
annealing, is surrounded with charcoal-dust from which carbon is reabsorbed in * 
tbe furnace ; thus the metal is rendered very soft and yielding, without losing 
its steel profierty. * 

Amoijg the curious and important “ results of machinery ” might be 
mentioned the manufacture and application of steel wire to the making of the • 
hair-springs of watches. “ A pound of crude^iron costs one half-penny ; it is 
converted into steel; that steel is made into watch-springs; every one of 

• which,”- 4t is said, “ is sold for half a guinea, and weighs only the tenth of a 
grain ; after deducting for waste, there are in the pound weight about 7,000 
grains ;*it therefore affords steel for 70,000 watch-springs, the value of which, 
at half a guinea each, is 35,000 guineas !” Now as th*re are 504 half-pence 
in a guinea, the jound of crude iron has increased 17,640,000 times in value. 

The looms employed for weaving wire-cloth are not essentially different to 
the looms employed for weaving otW filaments, and several patents have been 
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taken out for modifications of the power-loom, to adapt it to weaving of 
wire ; which are descrjfjed in the Repertory and Journal of Patent Inventions. 

The application of*wire-gauze to the manufacture of baskets, dish-covers, and 
a great variety of useful articles, took place about ten years agl, under a patent • 
granted to Mr. Gosset, of the Haymarket, Lon3on, who brought the invention 
from abroad. The annexed cut is explanatory of.the process of conversion. 
The operation is exceedingly simple, 

, being performed entirely by forcing the 
wire-gauze between moulds of fGe required 
shape, by the power of a screw press, 
which causes the figure or pattern thus 
given to it, to be permanently retained 
mter the article has been withdrawn from • 
the mould. We extract the following 
from the specification before us : — • 

“ It consists of a pattern or block a, ^ 
of metal, wood, or other suitable material, 
which is formed on the exterior surface 
to the desired shape and size of the article 
intended to be produced. The block a 
has a screw b, projecting up from the top 
or crown thereof ; c represents a pattern 
or mould made in like manner, of any 
suitable material ; the interior surface of this mould is formed to the desired 
shape of the artide intended to be produced, and has an aperture ma^^n the 
crown thereof, so as to be capable of passing over the screw b, and tHUs permit 
the mould c to come down over the block o, as shown in the figure. 

The manner of using the machine is as follows : the metallic wire-gauze or 
other material, (which is intended to be shaped,) has a hole made through it, 
and is passed over the screw b, so as to rest upon the crown of the block a, as 
seen at d d. In this situation, the upper mould b is placed upon the said metal 
or gauze-wire, with the screw passing through its aperture, as aforesaid ; and 
the nut or handle c is put on its place, and ft turned down upon the screw 6, by 
which means it presses down the upper mould c upon the metallic wire-gauze, 
or other material, and thereby forces it into the cavity or space betjjreen the 
block a and mould c, so as to give it the desired shape of the article reqmred. • 
The apparatus is then inverted, and placed upon a bench, or other convenient 
support, with the screw b projecting downwards ; and a ring or hoop of tinned 
wire, or other suitable material, is inserted within the lower edge of the article, 
and is soldered, or otherwise securely fixed, to the wire-gauze or other material, 
of which the article is formed. The nut e may then be screwed to the back of 
the screw b, and the mo^ld and block may be separated, so as to take out tljp 
article, which will be found to retain the pattern or shape given to it by tl^ 
said mould or machinery. After this, the portions of the metallic wire-gauze, 
or other material, which may happen to project beyond the edges of the afore- 
^ said hoop or ring, are to be cut off all round evenly, and a smallornamental 
band of metal, or other material, may be soldered or otherwise fixed upon the 
exterior edge of the article, so as partly to conceal the interior hoop or ring, and 
render the whole neat ; and then, to finish and Complete it, a small nftt or button 
may be fixed through the aperture in the crown, for the convenience of garrying 
• the articles by. Articles of this description will be found very serviceable for 
covering up delicate commodities, or articles of food, to preserve them from th# 
effects of flies, and for a great variety of useful purposes.” • 

The specification then proceeds to describe another slight variation ^i'>^m the # 
above method, for “ producing articles of such a description as will not adjnit of 
a hole or aperture being made in them." For this purpose, the actuating screw 
is made to pass througl^ fixed nut in an iron frame, the end of the screw enter- 
tng the flat or lower aide of the block, which is forced into ^e carity#f the 
mould, with the mre-gauze between them. The patentee cotfcludes by claim- 
ing as his invention, “ the forming or producing of articles of various shapes, 
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patterns, and sizes, out of metallic wire-gauze, or other materials, as aforesaid,, 
by the operation of pressing or forcing the said metallic wire-gauze, or other" 
•materials, into moulds or shapes «f the desired form of the Article intended to be 
produced ; the articles so formwl or produced from the metallic wire-gauze, or 
other material, being caused to retain or preserve the shape or pattern which 
may have been given to th?m, by means of one or more hoops or rings, which 
are secured by solder (Jr otherwise to the edges of the said articles, during the 
time they remain within the mould.” 

WOOD. The ligneous matter forming the substance of trees. It is, in most 
cases, possessed of colour, taste, and smell, from the presence of extractive 
matter, mucilage, resin, or essential oil ; and it is only when these have been 
extracted by water and alcohol, that wood can, as a chemical principle, he 
regarded as pure. In this state,*it is insoluble in water ; it is equally insoluble 
in alcohol, and hence it forms the residuum, when any of the solid parts of plants 
have been acted on by these flufds. From the action of the air, if dry, it does 
not appear to suffer any change ;*hut, when humid, it is gradually decomposed, 
and passes through many intermediate states, to that of a black mould, consist- 
ing principally of carbon. The oxygen of the atmospheric air is, during this 
change, absorbed, and carbonic acid formed with a portion of water ; and the 
latter, being derived from the combination of the oxygen, leaves carbon pre- 
dominant. ^Vhen the air is entirely excluded, wood decomposes with extreme 
. slowness, even though humid ; as, for example, when it is buried in the earth, 
the alkalies act on wood, and stain it of a dark colour ; with the assistance 
of*he«j(^they soften, and partly dissolve and decompose it. The stronger acids 
act on it.* Sulphuric acid carbonizes it, rendering it speedily black and soft. 
Nitric acid gives it a yellow tinge, and, when acted on in large quantity, dis- 
engages nitrogen gas, and converts it into oxalic acid, with small quantities of 
malic and acetic acids. 

Wood suffers decomposition from heat; a large quantity of an acid liquor 
distils over, with a portion of empyreumatic oil. Carburetted hydrogen and 
carbonic acid gases aje disengag^, and a portion of ammonia is produced, 
which is neutralized by the acid. ^ charcoal remains, which retains the figure 
and even texture of the wood. The acid procured in this process, was observed 
to be sigiilar to vinegar, and was afterwards regarded as a peculiar one, and 
• named pyro-ligneous acid ; but the researches of Fourcroy and Vauquelin proved 
that it is only acetic acid, with an impregnation of empyreumatic oil. 

When air is admitted, and the heat raised to ignition, wood bums. Its com- 
bustion at first, gives much light, from the formation and extrication of carhu- 
reUed hydrogen : this soon ceases, and the charcoal remains, which burns with 
its usual red light. The prodq,cts of the combustion are principally carbonic 
^id and water. Nijrogen appears to be a constituent principle of wood ; ani- 
pionia, therefore, is also evolved, and accordingly, a# ammoniacal salt is found 
in the soot of wood. 

The colouring of wood is effected by a variety of processes. Stains do not ne, 
like paints, upon the surface of wood, but sink more or less into its substance. 
Hence, the material which has been stained, exhibits its natural grain and hard- 
ness: and it must be remembered that, if the wood be not white, the colour 
taken wil>be a compound of tl»t of the wood and the stain. The dyeing woods 
empityed, are in small chips or raspings. 

The yoods which have been stained are afterwards rubbed up with rushes, 

* then with a cloth, dipped in a solution of bees’ wax in spirits of turpentine ; and • 
afterwards rubbed with a woollen cloth alon*. AVhen the stain is intended to be 
» very^ep, the pieces should be boiled in the staining liquor, and not merely 
brujhed over. To stain wood red, take two ounces of Brazil wood, and two ounces 
of pofash ; mix them with a quart of water, and let the composition stand in a 
warm place for several days, stirring it o*casionally^ With this liquor, made 
hoilijig hot, briish over the wood till the desired depth of colour is obtained : 
then with another brush, brush over the wood while yet wet, with a solution of 
alum, in the proportion of two ounces of alum to a quart of water. For a pink 
or rose red, use double the quantity of potash. For a less bright red, dissolve 
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■an ounce of dragon s blood in a pint of spirits of wine, and brush over the wood 
with the tincture till^the stain appear to be as strong as is desired ; but this is, 
in fact, rather lacquering than staining. Fora pink or rose r%d, add to a gallons 
of the above infusion of Brazil wood two additional ounces of the pearl-ashes, 
and use it as was before directed ; but it is necessa^, in this case, to'brush the 
wood over with the alum-water. By increasing the proportion of pearl-ashes, 
the red may be rendered yet paler ; but it is proper; when more than this 
« quantity is added, to make the alum-water stronger. To stain wood green, 
dissolve ver^gns in vinegar, or crystals of verdigris in water, and brush over 
the wood with the hot solution. To stain wood blue, dissolve copper in diluted 
nitric acid, and brush it while hot several times over the wood ; then make a 
si^lution of pearl-ashes, in the proportion of two ounces to a pint of water, and 
brush over the stain made with the solution ^y copper till the colour be per- 
fectly blue. The green stain, made as above with verdigris, may be changed 
to a blue, by the solution of pearl-ashes. The Sulphate of indigo, which may be 
had, ready prepared, of the dyers, will, when diluted with water, make a blue 
stain. To stain wood black, brush the wood several times with a hot decoction 
of logwood, then several times with common ink. To make a very finS black, 
brush over the wood with a solution of copper in nitric aid as for blue, and after- 
wards with logwood, till all the greenness of the copper solution is gone. To stain 
wood purple, take one ounce of logwood and two drachms of Brazil wood ; boil 
them together in a quart of water, over a moderate fire. When one half of the 
fluid is evaporated, strain the decoction, and brush it several times over the wood. 
After the wood is dry, brush it over with a solution of a drachm of pe»],-asltes 
in a pint of water. , ^ 

WOOL. The long, soft, curly hair, which covers the skin of sheep, and 
some other ruminating animals. Wool resembles hair in many respects ; besides 
its fineness, which constitutes an obvious difierence, there are other particulars 
which may serve also to distinguish them from one another. Wool, like the 
hair of horses, cattle, and most other animals, completes its growth in a year, and 
then falls off as hair does, and is succeeded by a fresh croj>. It diflers from hair, 
however, in the uniformity of its growth, #nd the regidarity of its shedding ; 
the whole crop springs up at once, and the whole falls oflf at once, if not pre- 
viously shorn, which leaves the animal covered with a short coat of young wool, 
which in its turn undergoes similar mutations. Berthellot has shown* that the , 
caustic alkaline leys dissolve wool entirely, and that the acids precipitale it 
from this solution. The facts elicited by chemical research explain all the pRo- 
nomena, and all the properties which wool presents in the frequent and advan- 
tageous uses to which«it is applied. While the wool remains in the statj in 
which it is shorn from the sheep's back, it is cplled a fleece. Each fleece con- 
sists of wool of different qudities and degrees of fineness, which the dealers sort and 
sell in packs at dififerent rates to the wool-comber. The finest wool grows on ai^ 
about the head of the sheep, and the coarsest about the tail ; the longest on the 
flanks, and the shortest on the head and some parts of the belly. Wool 
that is shorn when the sheep is living, u called fleece wool, and tl^t which is 
pulled ofi" the dead animal is called skin-wool. Wool, in the state in which it 
is taken from the sheep, is always mixed with a great deal of dirt and foujnesa 
of dififerent kinds, and in particular is stronglyt imbued with a natural strong- 
smelling grease. These impurities are got rid of by washing, fulling, and 
combing, by which the wool is rendered remarkably white, soft, cle^^ light, 
and springy. When boiled in water for several hours, it is not altered in any* 
sensible degree, nor does the watef acquire any impregnation. • 

The wool intended for the manufacture of stuffi is brought into ^i-»8tato f 
adapted for the making of worsted by the wool-comber ; who, having cleared it 
from all impurities, and well washed it with soap and water, he puts oBe* end 
of a certain quantity on ^ fixed hodk, and the other on a movable hook, which 
he turns round with a handle, till all the moisture is forced jjut. It isythen 
thrown lightly into a basket. The wool is next spread out in layers, and a few 
drops of oil are scattered on each ; which are packed in a bin underneath a bench 
where the comber sits at work. At the back of the bench is another bin, to 
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contain the noyles, as it is called, which' is that part of the wool that is left *in 
the wool after the sliver is drawn out. The comh t*b®sists of three rows of 
I liighly-temperetj and polished steel, fixed in a long handle of wood, and set 
parallel to one another. Eaclf comber has two combs, which he fills with wool 
and then works them together, till the wool on each is perfectly fine, and fit to 
draw out in slivers. The Lest combs of this kind are said to be manufactured 
at Halifax, in YorkshiVe. In using these combs the workman has a pot made 
of clay, with holes in its side, in which he heats them to a certain temperature 
before it can be made readily to pass through the wool. Each comb-pot is made 
to hold eight combs, so that four men usually work in one compartment of the 
shop, round a single pot. When the wool has been sufficiently worked on the 
combs, the workman places on<^comb and then the other on a fixed spike, St a 
proper height for him to draw it out as he stands. The wool thus drawn out 

• is called a sliver, and is from 4'’e to six or seven feet in length. Such is the 

mode of wool-combing by han^ but several patents have been taken out for 
performing the same operation by machinery ; the first of which was introduced 
by the ingenious Dr. Cartwright, in 1790, and wool-combing by machinery has 
no\% afmost wholly superseded the work by hand, owing to the economy of 
labour and material which it effects. ’ 

The manufacture of wool is divided into two distinct classes, — long wool, 
or worsted-spinning, and short wool, or woollen-yarn-spinning. We have 
. already described, under Cotton, the process of spinning that material : it will 
be readily conceived that the spinning of other fibrous matter does not very 
essen>!a,lly differ therefrom, but that it merely requires certain modifications in 
the apparStus to adapt it to the difference of fibre in the staple commodity. In 
spipning worsted by hand, the portion of wool plucked from the sliver was 
placed across the fingers of the left hand, and from the thick part of it the 
fibres were drawn and twisted as the hand was withdrawn frorn the end of the 
spindle, to which it had been previously attached. The revolution of the wheel, 
effected by the right hand, conveyed by a band to the wheel, or pulley on the 
spindle, produced the tequisite to give firmness to the thread ; and by a very 
gentle motion of the same wheel, the thread being brought nearly perpendicular 
to the spindle, it was wound upon the spindle to form the cop. From this it 
was transferred to the reel, and became a hank, of a definite length, but 

* t'^vyjng in weight with the thickness of the thread. In this state it was 

tr^sferred to the manufacturer, to be converted into shalloons, bombazin, or 
whatever other fabric worsted is applicable to. ^ 

“ A few years after the introduction of cotton machinery,” (says the author 
of the Operative Mechanic), “ an obscure individual of the name of Hargraves, 
previously unknown as a mechanic, who had long been employed by Messrs. 
W. Birkbeck and Co. 'of Settle, in Yorkshire, in the Inanagement of a branch 
oft the worsted manufactory, attempted to spin long wool by means of rollers. 
He constructed working models of the necessary preparing machinery, and of a 
spinning frame, by the assistance of persons accustomed to the construction of 
cotton machinery ; and succeeded so completely, as soon to induce his employers • 
to build a large mill for its application. By degrees his plans became known to 
the trade, apd many large manuiactories have subsequently been erected for this 
purpose. Contrary to the earlier anticipations on this subject, it has been found 
that miH^spun yarn answers better for the coarse as well as the finer fabrics, , 
than that'produced by the hand, which it has entirely superseded.” 

In spiijning worsted by machinery, a sliveftof wool is^laid upon thedrawing- 
frame^ftpm whence it is conducted through several pairs of rollers, of which 
^ the operation nf the first and last are the essential ones, the intermediate 
roller# moving with equal velocities, and serving merely to conduct the skin, 
which is received into a cylindrical can ; thifle such skjjis being passed through 
anoth^ drawing-jrame, and stretched in their progress, become fitted for roving, 
—the last step in the preparatory process. The spinning, which is the con- 
cluding process, is eftected by means of two pair of rollers moving with equal 
velocities, and intermediate auxiliaries. 

In manufacturing short wool into cloth, it is first soaked in urine, and 
. VOL. II. 5 z * 
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frequently rinsed in clean water, whicli adapts it to the next operation,- — that of 
carding. The carding Engine for fine ^hort wool is constructed with one main 
c} under, having in lieu of the top cards used in^eniiy-spinning^niunerous small • 
roHers, lying and rolling upon its upper surface; •it is used in place of a breaker 
engine, and is called a scribbler. The wool is deli\^red fiom a main cylinder 
to a doner, and, being combed or doffed, is carried to another engine called the 
cardevy wbicli perfects the carding, and delivers it off, *by means of grooved 
mahogany rollers, in a row or rowan, as in jenny-spinning. If the wool is of 
a coarse description, such as is formed into y'arn, fur the manufacture of coarse 
cloths, more carding is requiied. 

Jhe scribble engine lias three distinct parts or cylinders in one frame. The 
first part consists of the first main cylinder with^its top rollers, and is called tlie 
breast;^ this delivers the woo! to the second main cylinder, which with its top 
rolle:^ is called the first part; this delivers it up^o a small intervening cylinder * 
called the tween doffer, which carries it to the^iird main cylinder, which, with 
its top rollers, is called the second part; from hence it goes to the last doffer 
cylinder, from whicli it is combed by a doffing-plate, and finally cai*yed by 
hand to a carding engine ; by which the woo! is formed into separate ^nd 
smooth rolls of twenty-eight inches long, and hajf an inch tliick, which are 
immediately taken by boys, and attached to the spindles of the roving or 
slubbing machine. Jhis machine draws out the wool into large^and slightly- 
twisted threads, and winds it into balls ready for spinning. By the spinning- • 
jenny the threads are twisted, and drawn to a proper degree of size apd 
strength, and are then reeled into skeins and prepared for the loom. The abrt)nger 
sort intended for the woot is w'ound on spools, or quills, which are tube? of such a 
size and shape as to be easily placed in the hollow of a shuttle. That designed 
for the warp is wound on large wooden bobbins, from which it is by the warp- 
ing-bar conveniently arranged for the chain or warp of the piece. 

A patent was taken out a tew years since, by Mr. Hadden, for improvements 
in preparing wool, and also for roving and spinning it in a heated state. The 
patentee observes, that various methods maj be adopted for supplying heat to 
wool, during all or either of the three proce.'Ses of preparing, roving, and spin- 
ning. The method which Mr. Hadden has adopted is the introduction of cast- 
iron heaters into the retaining rollers used for these processes, observing that 
he always uses three rollers or cylinders together, and by leading the ^vool * 
over half the circumference of the upper two rollers, charged within with iiie 
heaters above mentioned, he thoroughly warms the wool, without retarding the 
progress of the other presses. 

The mode of applying the heaters is by making the retaining cylinders liol- 
low, and by introducing avylindncal heater into each retaining cylinder. These 
heaters are made exactly to fit the interior of the retainiiTg cylinders, the ax^ 
of which pass through a channel for that purpose in the middle of the heatA’. 

It is to be observed that the heaters may be put within the diiving cylinders 
with equal effect. ^ 

* The qualities which distinguish woollen cloths from all other manufactures, 
and renders them particularly suitable for northern climates, are the conjpact- 
ness and density they acquire from the opei^tion of fulling. TJie cloth is 
sprinkled over with a liquor prepared from oil of olive soap dissolv'ed in hot 
c water, and then laid in the mill-trough, where it is pounded with heav\'^vo()den 
hammers. By this process a cloth 40 j'ards long, and 100 inches wide, i» 
reduced to 30 yards long, and 60 inches wide. During the operationrfhe cloth 
is taken from the trough, the wrinkles smoothened, and more soap add^iiU, The ^ 
property of becoming thicker by compression is peculiar to woollen cloths. It 
IS said that the fibres of the wool are thickly set with jagged protub^fiances, 
which it is supposed cattfh hold of^each other when pressed together, and tlms 
become inextricably united, so that the cloth when out does ^ot unravej like 
other cloth. After milling, the cloth is scoured with a preparation of ndler's 
earth and bullock’s galls, till perfectly free from soap, and then taken to the cloth- 
worker to be dressed. This operation is performed by first drawing out and 
placing in one direction, by means of wire cards and teazles, all the fibres of 
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wool that can be brought to the surface, and then shearing them as closie, as 
may be practicable vMthout laying the threads of the. cloth bare. The instru- 
^ ments employ^ in this piocesj were formerly worked by hand ; but this opera- 
tion is now perl'ormed by m;i«binery, in a very superior manner to any manual 
efforts, and at a much less expense. When this process is completed, the cloth 
is taken to the rack, wlfcre it is strained so as to bring it to an even breadth 
throughout its length, and it is then sheared again, to render it perfectly level 
and uniform. All the little bits of straw or lint that may adhere to it are now 
picked out, and any holes that may be discovered carefully fine-drawn. Tlie 
cloth is next laid in a press with a sheet of glazed paper between every fold ; 
these are covered by thin boaids, and hot iron plates laid thereon, by which a 
gloss is communicated to the cloth. After the press has been screwed dow» for 
a sufficient time, the pressure's removed, and the cloth taken out and packed 

• for sale. — We have thus given an outline of the process of manufacturing of 
woollen cloth, as it was gen?rally conducted a few years ago ; but the rapid 
progress of mechanical inventiAi during a very brief period, has made so exten- 
sive a change in the apparatus and processes, as to preclude the possibility of a 
detaifbd description within the prescribed limits of this work ; we shall, however, 
bs?ore closing this article, notice two or three recent patents, the leading objects 
of which are to give'-to wodllen cloths tliat silky softness and gloss, for which the 
best finished modern fabrics are so distinguished. 

, Mr. Fussel's mode of producing the lustre upon cloths, as stated in the speci- 

fication, is in substance as follows. — After the cloth has undergone the usual 
dressing in the gig-raill, and hand- brushing, it is to be tightly wound upon a 
cylindrical roller, the e.xtt entities of which are to have deep grooves made round 
their peripheries, that will permit the list on the edges of tlie cloth to sink into 
them, and by these means preserve the cloth in a smooth and level surface. 
The roller of cloth so prepared is to be set on end for some time, to permit the 
water to drain off; it is then to be placed in either an open vessel over a steam 
boiler, and exposed to the action of the steam for three hours, or it may be 
placed in a close vesi^l into which the vapour is to be allowed to pass while it 
is m%de to revolve. The temperature of the steam proper to be employed 
depends upon the colour of the cloth, and the degree of lustre required; but in 
general the heat should be somewhat less than that of boiling water. 

• Mr. James Dutton's patent method consists in pressing the cloth at the time 
it fs being heated. His press for this purpose has one fixed, broad, and flat sur- 
face or table, equal to the whole width of the cloth, and of suitable dimensions 
in the other direction to receive about a yard of the cloth in length at a time, 
to.receive the pressure ; w hich is elfected by a flat metal plate, or platten, of 
corresponding dimensions, niafle to rise and fall, and to be operated upon hj' 

Jtowerful leverage, or hydrostatic pressure. To render the effect of this process 
permanent, heat and humidity are eiiqdoyed in conjunction with it. For this 
purpose a steam or hot-water cliamber is formed in the table of the press, and the 
cloth is brought under the operation in its wet state, the pressure being con- 
tinued UjJhn each successive portion of cloth, for a certain number of minutes^ 
(varying with the “ dress” required, and other circumstances). 

I? is desirable, in the proces-^of roughingor raising the pile upon woollen cloth, 
that the action of the teazles should be made to deviate from straight lines on the 
surfao* of the cloth. The patented improvement of Mr. Oldland, dated July 
, 1830, f»r this object, consists in a horizontal revolving teazle frame, furnisberf 
on its under side with teazles, wire-cards, Jsrushes, or other materials used in 
dre ssing or raising the pile of the doth. The revolving teazles are put in motion 

• by ffflRnd fixed to the revohing spindle ; and as the cloth is brought under the 
tead^ by conducting rollers of the usual construction, it is pressed up against 
the teazles by a sup;iorter covered with sovae elastic material, only on that side 
of the centremf motion of the revolving teazle whic^ moves from the middle 
towifds the seA-age of the cloth, the teazle frame reaching only halfway across 
it ; and one being placed on each side, moving in dilferent directions, the pile will 
be raised in all cases from the centre to vards both selvages of the piece of cloth, 
though from the nature of tne action of this machine it is evident that its operation 



oil- &e cloth can in no case be rectilineal, an<i that hy the end motion of the 
cloth the lines of action^will be continuallycrossing each other at very acute angles. 
In the same year another patent was taken by hlr. Papps, for thjsarae object, in 
which the principle and operation are the same, though the details vary a 
little. A third patent for the same object was granted on the same day as the 
last mentioned, to Mr. Ferrabee, who raises the pift in a different direction, 
namely, from the middle sloping to the sides; for this purpose he employs two 
series of teazles ; each series is attached to an endless chain which passes round 
two cylinders by which it is put in motion. Two of the cylinders which support 
and give motion to the teazle chains are placed with their axes extending along 
the middle of the piece of cloth to be operated upon, and the other two cylinders 
are«placed near the selvages of the cloth, with their axes parallel thereto. Each 
pair of cylinders is made to turn in a direction* to raise the pile of the cloth 
from the middle towards the selvages, at right a^les to them when the cloth is 
at rest ; but when an end motion is given to the cloth, which is effected by 
means of two cylinders placed at right angles ^ the teazle cylinders, the pile 
is raised in an angular direction, sloping from the middle towards the selvages. 
The angle of the work may be varied at pleasure, hy varying the relative Spe^pds 
of the different sets of cylinders. 

The processes employed in dyeing woollen cloth differ considerably from those 
used in silk and cotton. The oil is first removed by the operations oj’ the fulling- 
mill, where it is beaten with large beetles in troughs of water, mixed with fuller’s- 
earfh ; and when thoroughly cleansed it is ready for dyeing. The only colours 
used in dyeing wool blue, are woad and indigo, which are both sub^asitive 
colours, that is, they are permanent without requiring a mordant. • Quatre- 
mere recommends the following mode of preparing a blue vat : — Into a vat 
about seven and a half feet deep, and five and a half broad, are thrown two 
balls of woad, weighing together about 400 lbs., first breaking them ; thirty- 
pounds of weld are boiled in a copper for three hours, in a sufficient quantity of 
water to fill the vat ; when this decoction is made, twenty pounds of madder 
and a basket full of bran are added, and it is boiled half an hour longer. This 
bath is cooled with twenty buckets of water • and, after it is settled, th« weld 
is taken out, and it is poured into the vat ; all the time it is running in, and for 
a quarter of an hour after, it is to be stirred with a rake. The val^ is then 
covered up very hot, and left to stand six hours, when it is raked again for 
half an hour, and this operation is repeated every three hours. When blue v?if s 
appear on the surface of the vat, eight or nine pounds of quick lime are thrown 
in. Immediately after the lime, or along with it, the indigo is put into the vat, 
being first ground fine in a mill, with the least possible quantity of water (i* is 
now usually ground dry.) When it is diluted to a semi-fluid consistence, it is 
drawn off at the lower part of the mill, and thrown thus* into the vat. Th% 
quantity of indigo depends upon the shade of colour required. From ten te 
thirty’ pounds must therefore be put to the vat now described, according to the 
occasion. 

, If, on striking the vat with the rake, a fine blue scum arises, it is St for use, 
after being stirred twice with the rake in six hours, to mix the ingredients. 
Great care should be taken not to expose the vai^o the air, except when stifting 
it. As soon as that operation is over, the vat is covered with a wooden lid, on 
which are spread thick cloths, to retain the heat as much as possible.* Not- 

‘withstanding this care, the heat is so much diminished at the end of^ight or^ 
ten days, that the liquor must be re-heated, by pouring the greater part of it 
into a copper over a large fire ; when it is hot enough, it is returned m^ the 
vat, and covered as before. 

This vat is liable to two inconveniences : first, it runs sometimes intir the 
putrefactive fermentation^ which is*known by the fetid odour it exhales, and 
by the reddish colour it asstimcs. This accident is remedied by adding more 
lime. The vat is then raked ; after two hours, lime is put in,^he rakin^per- 
formed again, and these operations are repeated till the vat is recovered; secondly, 
if too much lime is added, the necessary fermentation is retarded ; this is re- 
medied by putting in more bran or madder, or a basket or two of fresh woad. 
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When cloth is to be dyed, the vat is raked tivo hours before the operatiofi * 
and to prevent it from coming in contact with the sedirnSnl, which would cause 

^inequalities in th| colour, a kindof lattice of large cords, called a cross, is intro- 
duced; when unmanufactured weo! is to be dyed, a net v. ii'.i small meshes is placed 
over this. The wool or cloth, being thoroughly wetted with lukewarm water, 
is pressed out, and dipped ‘into the vat, where it is moved about a longer or 
shorter time, according'as the colour is intended to be more or less deep, taking 
it out occasionally to expose it to the air, the action of which is necessary to * 
change the green colour, given the stuff by the bath, to a blue. Woollen 
and cloth dyed in this manner ought to be carefully washed, to carry off the 
loose colouring matter ; and, when they are of a deep hue, soap should be used, 
as it will only cleanse and not iijjure the colour. The more perfectly the w^bl 
has been scoured, the better it wdl receive the dye. 

• A vat which contains no wqjjd, is called an indigo-vat. For this vat, the 
indigo is rendered soluble in watgr by potash instead of lime; a copper vessel 
is used, and six pounds of potash, twelve ounces of madder, and six pounds of 
bran, are boiled with every 120 gallons of water; six pounds of finely-ground 
indigp dbe then added, and, after carefully raking it, the vat is covered, and a 
slow fire kept round it. Twelve hours afterwards, it is to be raked a second 
time, and this operation is to‘ be repeated at similar intervals of time, till the 
dye becomes ^lue, which will generally happen in forty-eight hours. If the 

, bath be properly managed, it will be of a green colour, covered with coppery 
scales, and a fine blue scum. 

'fhe.dye called .Saaon blue is made with the solution of indigo in sulphuric 
acid. Take four parts of sulphuric acid, and pour them on one part of indigo, 
in fine powder ; let the mixture be stirred for some time, and after it has stood 
twenty-four hours, add one part of dry potash ; let the whole be again well 
stirred and after it has stood a day and a night, add gradually more or less 
water. The cloth to be dyed, must be prepared with tartar and alum, and more 
or less indigo must be put into the bath, according to the shade required. For 
deep shades, also, the cloth must be passed several times through the bath ; 
light shades may be dyed after deej^ones, but they will not have the lustre given 
by a fresh bath. 

Ifeds a*-e a very important class of colours, and are furnished by a great 

• number of substances. They all depend, either for their fixedness or beauty, 

uptm’the use of mordants ; the principal of them are kermes, cochineal, archil, 
madder, carthamus, and Brazil-wood. Pewter boilers, or well-tinned copper, 
must be used in preparing all red baths. > 

The shades of red are usually distinguished into three classes ; namely, the 
madder red, crimson, and scarlef. Madder is employed for coarse goods. It 
giyes out its colour to»water ; and the bath prepared #ith it is not made hotter 
than what the hand can bear, until the wool has been in it about an hour, when 
it may be boiled for a few minutes just before the wool is taken out. It may be 
used in the proportion of one-third or one-fourth of the wool dyed. Cloths are 
prepared fof the madder-bath, by boding them for two or three hours in a solu- 
tion of alum and tartar ; after having been taken out of which, they are left to 
drain for a few days in a cool j^ace before they are dyed. The use of archil 
gives a fine but transient bloom to the madder dye. Archil and Brazil-wood, 
from tli«ir perishableness, are seldom used to wool, except in this way, as 
^ixiliarie#. 

When julphate of copper is employed as the mordant, madder dyes a clear 
brown , inc lining to yellow. Tin brightens its colour, but not materially. 

• Kermes has not been much used since the art of brightening cochineal with 
tin was discovered, as it has not so fine a bloom as the latter dye, though it 
possesses greater durability. Kermes impart#its colourlo water ; and the quan- 
tity of it used, is, for a fidl colour, at least three-fourths of the weight of the 
wool elhployed. ,*rhe wool is put in at the first boiling, after having been pre- 
viously prepared by boiling it for half an hour in water with bran, and after- 
wards two hours in another bath, with one-tenth of tartar dissolved in sour 
water, and then leaving it for a few days in a linen bag. 
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1 colour of the flowers of carthamus is extracted by a weak alkaline 

ley, and precipitatq^*by lemon juice or sulphuric acid, but is chiefly used lor 
silk and cotton. The precipitate is used iudiyeinff, and is^called safflotver or 
bastard saffron, # * • 

• colour, inclining to violet, is the natural colour of cochineal, which 

yields most of its colouring matter to water, and, b^the addition of a little alkali 
^ or tartar, the whole of it is extracted. To dye crimsoft by a single process, a 
soiiuion of two ounces and a half of alum, and an ounce and a half of tartar, 
'v. ith an otince of cochineal, is employed for every pound of stuff. A little nitrn- 
muriate of tin must be added for a fine crimson. Archil gives to crimsons that 
ne daik shade which is called bloom, but this soon disappears, bv expo'^ure to 
tne air and liglit. For pale crimsons, the qu^tity of cochineal is reduced, and 
madder substituted. * 

Dr. Bancroft first suggested that scarlet \^s a compound of crimson and# 
yellow, and he founded upon tins idea, a more economical mode of producing it 
than had previously been used. He gives file following directions for dyeing 
^ hundred pounds of cloth are to be put into a tin vessel, nearly 

nlled with water, with which about eight pounds of the murio-sulphiflric^ solu- 
tion of till have been previously mixed. The liquor is made to boil, and the 
cloth is turned through it by the winch, for a qimrter of an hour, in the usual 
manner. The cloth is then taken out, and four pounds of coclyneal, with two 
pounds and a half of quercitron bark in powder, put into the bath and well ^ 
mixed, I he cloth is then returned into the liquor, which is made to boil, and 
the operation is continued as usual, till the colour be duly raised, and th« d/cing 
liquor exhausted, which will usually hapj)en in about fifteen or twewtv minutes, 
alter which, the cloth may be taken out and rinsed. In this method, the labour 
and fuel necessary in the common process for the second bath are saved ; the 
operation is finished in much less time; all the tartar will be saved, as well 
two-thirds of the expense of the solvent for the tin, and at least one-fourth of 
the cocliineal usually required; tbe colour, at the same time, will not be in any 
respect inferior to that produced in the ordinary w'ay,^t so much more trouble 
and expense, and it will even look better 1^ candle-light than others. 

By omitting the quercitron-barjc, the above process will afford a rose-colour. 
Scarlet may be changed to crimson by boiling the cloth in a solutjgn of alum 
till the sliade desired is obtained. Alkalies and earthv salts in general have the* 
same effect as alum, ' • 

^ ellow is a colour but rarely required in the dveing of woo], yet, as it fre- 
quently forms the b%se of other colours, it may be proper to notice it. ^Veld 
fustic, and quercitron bark, furnish the best Yellows; weld is a plant which 
both cultivated and grows wild in this country ; the stem is slender, and rises 
to the height of three four feet; the entire plant i^ used in dyeing, au^} is 
gathered when it is ripe : the shortest and slenderest stems are the most este^sed. 
Fustic is the wood of a large West Indian tree. Quercitron grows in great 
abundance in North America, and is there called yellow oak; its bark is the 
only part used for d 3 'eing. • 

1 he colours obtained from weld and quercitron both nearly resemble each 
other in shade, and also in durability, winches not great; but thej)ark Contain- 
ing the largest quantity of celoxiring matter is not only the most convenient to 
use, but upon the whole the cheapest. Dr. Bancroft has given the l^^st direc- 
tions for its use. He directs a deep and lively y ellow to be thus pTep.ared jjor 
wool: — Let the cloth be boiled fl>r an hour or more, with about one-sixth of Us 
weight of alum dissolved in a sufficient quantity of water; then plui^^it with- 
out rinsing into a bath of warm water, containing in it as much querStrbn bailf 
as cfji’.als the weight of the alum emplo^^ed as a mordant. The clothes to be 
turned through the bailing liquid until it has acquired the intended colour. 
Then a quantity of clean powdered chalk, equal to the hundredth part of the 
weight of the cloth, is to be stirred in, and the operation i| completed. The 
object which the dyer has in view is to give his stuffs a uniform and durable 
colour, at the same time that he entirely preserves their original texture. He 
therefore uses colours in solution, in order that their pardcles may apply them- 
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selves to the individual fibres of the stufiT, according to their affinity for it. When, 
for example, a quantity of wool, freed from all impurity, is dipped into the solution 
,of any colouring matter, if the filyes of the wool have a stronger attraction for 
the colouring matter than the water or other menstruum which holds tliat colour 
in solution, the colouring matter will leave its solvent, and apply itself to the 
wool, which will by that mlans be dyed ; its fibres will have become covered 
with colouring, matter ; «nd if their attraction for it be so strong that the action 
of soap, air, and light, or other ordinary means of exposure, shall have no per- 
ceptible effect in decomposing the combination, or in other words, of injuring its 
tinge, the colour is said to be permanent; so that dyeing is in fact a chemical 
process, and the application of both animal and vegetable bodies depends on 
their chemical affinities. • 

WRITING. The art of communicating our ideas to others by means of in- 
•scribed signs or characters. Amongst the various arts which have from time to 
time contributed to the improvement and advancement of society, there is, per- 
haps, none which, in point ofutilfty and excellence, will at all admit of compari- 
son with the art of writing. Yet because this art may now be acquired by 
eveiy,bJdy, it fails to attract the attention and command the admiration it so 
well merits. How curious and beautiful soever a new discovery may be, let it 
once become common, and frdm that moment it ceases to be noticed ; that which 
is within the grasp of every body is despised. The time was, when a man who 
. could write was highly distinguished amongst his fellows ; but the time is ap- 
proaching, when a man who cannot write will be pointed out as a remarkable 
character. 

In the fisst ages of the world, while society was in its infancy-, mankind had 
clearly no other method of expressing their ideas in writing, than the simple one 
of making a_ figure of the shape of the object And this method must have 
been long before their dispersion ; for it has been found to exist amongst the 
most rude, as well as the most polished nations of the globe ; situated too at 
such remote distances from each other as to preclude intercourse with the rest 
of mankind. This mode of writing seems the most natural, because the repre- 
sentation of sounds, which express tile names of things, by certain characters or 
alphabets now so extensively in use, must necessarily require some previous 
concert bitfween two parties, the one of whom suggests, and the other agrees, 

• that a particular mark or form on paper, shall be the symbol for a particular 
suuijd. But if we suiipose a savage separated from his friend, and wishing to 
communicate with him, without having had this previous consultation, and sup- 
posing that he has lent his distant acquaintance some articles of furniture, such 
as his bow and arrows, or his knife, which he is anxious to have returned, 
without the knowledge of his mesSenger, or being dependant upon his memorv ; 
it*eems highly probabie, that his first impulse would ¥e to make a rude sketch 
of tUese articles, and transmit them to his friend. Were the latter an acute man, 
he would probably understand the allusion ; and were he not intelligent enough 
fur this pur;mse, it is cKar he would not be sufficiently so to comprehend sym- 
bols that demote sounds. So that the simplicity of this mode of writing might 
suggest the probability of its being first resorted to, without alluding to the hiero - 
glyphi?s yet ^remaining on the Egyptian tombs, which, from our want of acquaint- 
ance with the manners, customs, and general objects with which the Egyptians 
were conversant, are very difficult to decipher, if we may judge from the learn- 
ing displaced in explaining them. In Freyrinet and Aragu’s Voyage is given 
the drawjjig of a letter, written in this kind o& language, from an inhabitant of 
the Caroline Islands to M. Martinez, which is perfectly intelligible. M. Mar- 
*tinez liaycoinmissioned a Tam or of Sathoual to send him some shells, promising 
in exchange a few pieces of iron. The captain gave him a sheet of paper, on 
which he sketclied with^a red j;i_,;ncnt, first, '» the middle of the top of the page, 
a small figure ofia man with his arms extended horizontally, iiitended to repre- 
sent tlJI bearer of compliments; and underneath the man, tlie branch of a tree, 
.as the type of peace and amity. On the left hand side weie represented the forms 
of nine different shells the Carolhiean had to send; and on the right hand side 
ware delineated the objects he desired in exchange ; namely, three large fishing- 
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hooks, four small ones, two axes, and two longer pieces of iron. The barter was 
accomplished to the jatisfaction of both parties. This is, perhaps, as clear an 
instance as can be found, of the mode in which an unlettered^people would en-, 
deavour to convey the expression of their wishes to their friends at a distance, 
and forms a striking contrast to the elegant though complicated process of our 
own method of writing. * 

Tile written language of the Chinese affords many pitoofs of its having origi- 
• nated in ])ictiire writing. This method of writing, of course, required consider- 
able patience and skill to practise, and by common consent the characters or 
signs were from time to time simplified, so as to be expressed by much fewer 
lines. In Egypt, where the progress of the arts was greatly encouraged, means 
wtre discovered to substitute the original figu^s by very simple marks, by re- 
taining only the most prominent peculiarities of the objects, and these, from 
their superior convenience and facility of exertion, soon afterwards became • 
universally adopted. Yet it may be readily conceived, that there remained many 
difficulties to overcome, by the great variety Snd intricacy of the figures. To 
simplify, therefore, the method of writing still further, the priests turned many 
of the outlines into arbitrary marks, which in course of time so deviafed/rom 
their originals, as to render it almost impossible to trace them to their archetype, 
but which were nevertheless much less complicatetf and more expeditious. Thus, 
after incredible labour, through the lapse of many ages, were produced the three 
different modes of writing among the Egyptians, designated by the appellation , 
of hieroglyphic, demotic, and hieratic. Into the nature of these our limits do not 
permit us to enter; but they constitute a subject well worthy of attention. 

The next step of improvement was to form a connexion between»the object 
represented, and the sound of the word used to express it. Nor was this so 
difficult as would at first sight be supposed : for when a man represented any 
image or picture, that of a “ door” for instance, he would naturidly give to the 
combinatiou of lines with which that figure w’ss formed, the name of a “ door ; 
and wherever he met with this representation, or even though he should change 
it for some arbitrary and more simple mark, having the same signification, the 
same name would still remain attached to it, and by this means the word door 
would for ever afterwards remain associated with a certain outline or figure. The 
Hebrew alphabet affords a most satisfactory illustration of this. Every letter is, 
in fact, a word, and expresses some simple object. Delelh, for example,^their • 
fourth letter, corresponding with our D, signifies a “ door [Beth, t^eir 
second letter, answering to our B, “ a house,” and in this manner each of the 
remaining letters of the alphabet have a meaning attached to them. Having 
attained this state of advancement, the progress of the art was more rapid. Bs’ery 
nation, in its turn, contributed some letters to* the common stock; in a happy 
moment it was discovered^ that each monosyllable termirmted by a sound whiqh, 
with very little variation, was repeated in ail. Nor was it difficult to ascertain 
the number of these which were invariably fixed to the four or five inflexions of 
voice. Thus were vowels added to consonants, and mankind gradually arrived 
at the greatest of all inventions, — the invention of the alphabet, ^ut who was 
the man, or what his nation, to whom the honour of this invention is due, is still 
disputed by the learned, though the majority agr^e in considering the_ presumption 
to be strongest in favour of Thoth, a son of Mizraim, the father of the Egjqitians. 

Tins noble invention diminished to a prodigious extent the difficulty ofilwriting, 
it shortened the labour of memory, and was capable of expressing alf subject^ 
and all ideas. The t'lioenicians obtained a knowledge of the system, iipparted it 
to the Greeks, whence it was gradually spread over the continent to our^lands, ^ 
and was at length diffused over the wliole world. The first substance used for 
writing upon is considered to have been dried leaves ; but there is mmdi evi- 
dence to show, that plaf« of brass,^ead, wood, stone, ivoyy, and wax, W'ere also 
used. The ancients generallv used tables covered with a coat of wax, on which 
tliev wrote with a style, a piece of iron pointed at the end, with^vhich they made 
the'letter.s, and blunt or flat at the other end, which they used for rubbing out 
what they had written, either when they wished to make any alteration or to 
use the table for other writings. By a good or bad style, therefore, they meant 
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at first sim|^y to denote the quality of the instrument with which they wroU., 
The term was afterwards applied metaphorically to the lanjjuage : in which sense 
jt is now used. , * 

Among the difterent substancis that were employed for writing upon, before 
the art of making paper from linen-rags was discovered, we find the earliest to 
have been these tables of wflod, made smooth, and covered with wax. But as 
what was written on was might easily be defaced, leaves of the papyrus, a kind 
of flag, which grew in great abundance in the marshes of Egypt, were dried, 
and by a particular process prepared for writing. Sheets were also separated 
for the same purpose from the stem of the plant. On these, the letters were 
engraved with an instrument similar to that used for writing on rvax. The sub- 
stance so prepared was called chartu, from a city of Tyre of that name, ne*r 
which the plant was also found, ^he words folia, leaves, and charta paper, thus 
•derived, are well known among ourselves. 

As in writing a treatise, a greS number of these leaves or sheets was required, 
they were joined together by mal#ng a hole and passing a string through each 
of them. With the same string passed several times round them, they were 
confii^edj to prevent their separating, and being injured or lost when no one 
was reading them ; whence it is supposed that a roll or bundle of them obtained 
the name of a volumen, or vdfume. Those who have seen specimens of the 
Burmese writing on leaves thus collected, may form an accurate notion of an 
. ancient papyrus volume. 

Another article used for writing, was the inner bark of certain trees. This 
was*pr^ared by beating it, and then cementing it together by a solution of 
gum. As the inner bark of trees is called liher, the volumes of books were 
thence called Ubri, a name they still retain. Vellum, the last substance to be 
mentioned, is said to owe its origin to the following circumstance. Eumanes, 
King of Pergamus, being desirous of forming a library that should equal, or 
exceed in number the far-famed library of Alexandria, Ptolemy, King of Egypt, 
with a view of frustrating his design, prohibited the exportation of the papyrus. 
This excited the industiy of some artists in the court of Eumanes : they con- 
trived a method of preparing the skkis of sheep, and it was called vellum, from 
vellus, a fleece or skin ; and parchment, from Pergamus, the place where the art 
of prepari^jg it was discovered ; or, if not discovered, it was there improved, and 
•first brought into general use. 

Th? Greeks and Romans as well as most of the eastern nations adopted the fonn 
of the continuous roll. There were two rollers, one at each end of the roll, 
round one of which tlie whole mantiscript was folded : the reader unrolled one 
end, «nd as he proceeded, he rolled it upon the empty roller until the whole 
was transferred from one roller t<r the other. Notwithstanding the great incon- 
venience which this coatrivance inflicts upon readers, i|^pecially when they have 
ocoqgion to refresh their minds by occasional references to passages lying under 
many coils of the roll, oiu- Coiut of Chancery retains the “ good old practice,” 
for the purpose, it woidd almost appear, of deten ing people from reading the 
specificatioxi? of patents and other public records. Persons who go to read these 
documents at the Inrolment Office, or The Jtolls Chapel Office, should prepare 
thomsflves to have the sleeves and breasts of their coats grouted in by the 
lime dust by* which the rolls of parchment are whitened ! 

Alth^gii much infonnation upon the manners of the Romans has been ob- 
tained by» the discovery of two Roman cities, which had been hidden by the 
cinders thrown from Mount Vesuvius, by tiie eruption about the year a. d. 
79 ; but little more is known upon the subject of their books and manner of 
•writin^^^an was known before the excavations. RoUsot brittle material, about 
eight kii^es long and about two inches in thickness, were frequently discovered 
by the workmen during the operations at Poipipeii ; but it was not first known 
that these were books : upon examination, however, th^- proved to be papyrus 
glued Jfcgether. ?Vt one end of most of them was a label, upon which was 
'vritten the title of the book, and the author's iiaiiie. Of these rolls, Camillo 
Paderni earned away three hundred and thirty-seven, which he collected from 
the rubbish during twelve days which he passed among the ruins of Pompeii. 

VOL. It. 6 a • 
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•Hie papjTus has become so brittle, in consequence of the heat of the ashes, 
that no one has yet^^cceeded, to any extent, in unrolling them. Piassi, a 
monk, discovered a way of unrolling them, 1^- putting thin dices of onion be^ 
tween the folds of the manuscript as he carefidly separated them with a knife. 
This is the best contrivance which has yet been adopted, but it cannot be said 
to have proved successful. After all the tiifie ancf money which have been be- 
stowed upon this object, it is to be regretted that few w§rks have been recovered. 

* Some of these rolls are forty feet in length ; many of them have been taken to 
the University of Cambridge, where they have remained many years, without 
any attempt having been made to unrol them. 

The labour bestowed upon ancient manuscript books was immense. As they 
^'ere intended to answer all the purposesmf a modern printed book, their 
durability was of the greatest importance. Tdie ancient copyists therefore paid 
great attention to the manufacture of their ii^s, as well as the parchment ; ii# 
this art they were so successful, that most of the very ancient manuscripts 
which are now extant, are as legible, and the ink is as black and bright, as if 
they had been but just written. It is supposed that the ink owes this beautiful 
colour to the lamp-black. Some ink was found in a glass bottle at Herculapeum, 
which was very thick and oil}'. It was owing, perhaps, to its glutinous nature, that 
the persons employed to take down the speeches ’delivered by the orators in the 
Forum, preferred writing on waxen tablets, which required a v^ry slight touch 
to mark them. It would have been an operation almost laborious to write with , 
such ink as this found at Herculaneum, and the writer would have proceeded 
very slowly, and would not have been able to follow the speaker. These is one 
great objection to this ink ; it does not enter sufficiently into the paichment, and 
is, therefore, easily obliterated. The Romans made ink of various colours ; the 
emperors in the latter times, when wealth and luxury had destroyed the empire, 
endeavoured to make an appearance of grandeur, by w'riting with purple ink. 
Materials more valuable were sometimes used, when the writings were of value ; 
the works of Homer were written in letters of gold, upon a roll 120 feet long, 
formed of the intestines of serpents. The Hebrews als«> are remarkable for the 
beauty of their manuscripts ; the letters fire as evenly formed as it would be 
possible to form them in a type ; it is almost impossible to believe that they can 
have been written by a pen. All the eastern nations make their pegs of reeds, 
which were well suited to the broad character of their writing; the reeds aref 
brought from the East to Kurope, and are used by the scholars in eastern 
literature ; they are still used by many people in the East at this day. Reeds 
were used by other }jations also. Pens made of them were discovered during 
the excavations at Pompeii ; they are cut like a quill pen, except that the mib is 
much broader. * 

The quill pen appearSIto have been introduced about4he year 600 ; the w»rd 
penna, meaning a quill, is not found, it is said, in any work of an earlier period ; 
previous to that date, the word calamus was used, which signifies a reed. Paper 
was introduced into Europe in the ninth or tenth century. It had previously 
been manufactured in China from a very remote period. About fhe year 716 
a manufactory of it was established at Mecca, from whence it was bro^ht by 
the Greeks to Constantinople. • • . . 

We might have extended this article by some account of modern writing, but 
our space will not admit of it ; and it is scarcely needful, as most of o#r readers 
are well informed upon the matter. We shall therefore conclude by a f%w 
remarks upon the peculiar direction of the writings of different nat^ns. The 
Jews write from the right hand to the left; the Chinese from the tjjgjto the^ 
bottom ; most other nations write as we do, from the left to the right. 
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XEBEC. A three-masted vessel of a peculiar construction ; chiefly employed 
in the Mediterranean. They are built extremely low, with a very convex deck, 
and carry a great press of sail. As the sea commonly breaks over the deck. 


) 

YTTRIA. 




923 




) 


• > 

they are provided with grated platforms at the sides, for walking upon. 
have occasionally seen them in the Thames, employed, as merchantmen, but 
^their chief employment is in warfare. * 



YACHT. A sailing-vessel, fitted up with great elegance, and rejdete with 
conveniences. It is difficult to define any peculiarity belonging to them ; as 
the term yacht is applied to so great a variety of forms ; some represent com- 
plete three-masted but of S diminutive size ; while others are mere plea- 

• sure boats. 

YARD. An English lineaPmeasurc, containing three feet, or thirty-six 
inches; also 1760 yards make a%iile. The square yard contains 3X3 = 9 
square feet ; 4840 square yards are an acre, and 3.097,600 a square mile. The 
cubic or solid yard contains (3X3X3) =27 cubic feet. The yard by which 
cloth is measured, is the lineal yard above-mentioned, but for convenience, 
divided into four quarters, sixteen nails. This measure was instituted by 
Henry I. being the length of his own arm. 

Yard. A long piece of timber or pole tapered towards each end, and sus- 
pended upon the masts of a vessel, to extend the sails to the wind. 

YAJIN. Flax, wool, or other fibrous matter, spun into a loose thread ; of 
which clotb or cordage is made. The process in preparing yarn, has been gene- 
rally treated under the various substances of which it is formed. In this place 
we shall therefore confine our attention to yarn of a peculiar character, for 
which a patent was granted in 1832, to Mr. Greaves, of Chorley, in Lancashire. 
This invention consists in dyeing cotton in the wool, of various colours, and of 
every gradation of tint, and to mix the same up in various ways, with bleached 
white cotton, so as, by their union, to produce a self-varied colour of yarn, 
thread, or stuff, without such fabrics undergoing afterwards, as usual, the pro- 
cess of dyeing. 

The patentee states his plan to be, to dye separate portions of cotton-wool of 

• the seven primitive colours ; and other portions of cotton-wool of various shades 

or tifSts of the foregoing; and with these, together with white cotton, according 
to file taste of the operator, to prepare yarn. Snppo.se, for instance, that ih.e 
manufacturer required a peculiar green, he would take the primitive colours, 
yellow and blue, and mix them together in such proporTions as would produce 
the exact tint desired, adding yellow to lighten, and blue to deepen the colour ; » 

i£an orange, yellow ajid red ; if purple, blue and re^ or pink ; and by varying 
the nature and proportions of the combination of the primitive colours of the ' 
cotton-wool, and their several shades, every possible variety of tint, and evciy 
gradation of sb.ade, may be obtained with the utmost facility. 

When tltedue proportions of coloured cotton are put together, it is to undergo ^ 
the same processes as if it were in a white state,— -such as roving, spinning, 
twistfcig, winding, and doubling to make it into yarn or thread, in which state 
it may be ftther used for sewing, embroidery, S;c., or be woven into fabrics, as 
in othenyarns, and will not require any subsequent operation, such as dveiiig, • 
beside awoiding the bleaching process, which is always liable to deteriorate the * 
colour as well as the strength of the fabric. • 

A mefliod of printing yarn was also jtatented by Mr. Schwabe, of Manchester, 

• in ISH^^which is described, with figures, in Hebert’s “ Journal of Patent Inven- 
tions»’^vol. vi. p. 171, which we hace not space to inset t. 

YEAST. Tlie scum thrown up in the fermentation of beer. See Barm, Fee.- . 
mentation, Bbead, atd Beer. ^ 

Y'^ffRIA. A peculiar substance discovered in 1794, by Gadolin : whether 
it be an earth of metal, the learned are not agreed. That great authority, Sir 
H. Davy, says that it consists of inflammable matter, metallic in nature, com- 
bined with oxygen. Its specific gravity is 4.842. 



V 

924 

4 

c « 

Z. 

• • • 

• 

ZAFFRE. The residuum of cobalt, after the sulphur, arsenic, and other vola- 
tile matters of this mineral, have been expelled By calcination. The ores of 
cobalt are roasted in verberatory furnaces, provided with chambers to receive 
« the arsenic : the product of zaffre is usually about 68 per cent, of that of the 
ore. The ores that contain much nickel are not fit for the preparation of 
zaffre, as the oxide of nickel would injure the beauty of the blue colour, or 
smalts, for the making of which zaffre is manufactured. Inferior kinds of 
zrfTre are made by mixing this oxide, previously stamped and sifted to a fine 
powder, along with calcined flints or quartz, also ground in various proportions 
according to the use for which it is intended, rnoistening the whole with water, • 
and packing it tight in casks, where it haidensHo a stone. A very fine zaflVe, 
or China blue, is obtained from the arsenical atid grey cobalt ore, found in Corn- 
wall, by boiling the powdered ore in nitric acid, which converts the arsenic 
into arsenical acid, and unites it with the different metals contained in^hg ore. 
The solution being diluted with a large quantity of water, purified pearl-ash 
water is then added in small portions to the dilute# solution ; and on the addition 
of each portion the liquid is well stirred, left to settle, and the clety part poured 
off. This is repeated until the solution becomes of a rose colour, which shows , 
that it contains only the arseniate of cobalt. The pearl-ash water is then added 
in larger quantity than is necessary to throw down all it contains, and tl>e solu- 
tion is boiled for a few minutes. Being then left to settle, the liquiiis filtered, 
the oxide of cobalt left on the filter, washed with boiling water, and dried. This 
oxide is then melted with feldspar and a little potash, and thus yields a beautiful 
zaffre for painting porcelain. Another method is to grind the ore, mix it with 
two or three times its weight of China ware, grossly powdered, and heat it very 
strongly. The whole is then put into three or four parts of nitric acid, diluted 
with an equal weight of water. The clear solution is .poured off, evaporated 
gently to a syrupy consistence, diluted afreA with water, left to settle, poured 
off clear from the arsenic that is sep.arated, and then the pearl-ash water is added 
by small portions, and the operation finished as in the former process. • Zaftre is 
used for making smalts, and for painting on the best kinds of pottery. ^'I he 
common zaffre is cheap, but the best sells for two guineas the pound in the got- 
teries. Zaffre is likewise used in the manufacture of cobalt. 

ZE.ALAND (A'c?«)JFLAX. The phormium tenax of naturalists. Its com- 
mercial name has been acquired from the circumstance of the nativ« of 
New Zealand employing it in the manufacture'of their apparel, cordage, and all 
those purposes for which hfriflp and flax are used in other cauntries. The strengiJi 
of its fibres, however, greatly exceeds those of the last-mentioned vegetable s»eb- 
stances ; and indeed, nearly approaches the tenacity of silk. Of this plant 
there are two sorts, — one becoming a red flower, the other a yellow. The leaves 
of both are similar to those of the common flax plant, but the lowers are 
smaller, and the clusters more numerous. The Zealanders obtain the flax from 
them by very simple and expeditious means. ,The fibres are bea^tifull# fine, 
and white, shining like silk ; the cordage made from it was found by our navt- 
gatora to be very much stronger than any thing we could produce witfc hemp. 
With the view of introducing the growth of so valuable a plant in tin? country. 
Captain Ferneaux brought over seme of the seeds, which were sown in Kew 
Gardens, by order of his late Majesty, but unfortunately failed. Sub^uent ^ 
to this period, the culture has been very successfully pursued by our settlers m 
New South Wales. We are indebted to Mr. Wm. Salisbury, of Bromptori, for 
the discovery of this identical plat*, growing indigenou^ in the south of Ire- 
land, where it flourishe^luxuriously. This discovery wiM probably prov^ ulti- 
mately, of the utmost importance to Ireland, where the poor i^ay be prdntably 
employed, both in the culture and subsequent manufacture. Mr. Salisbury 
observes, that plants of three years old, will, on an average, yield thirty-six 
leat os, besides a very considerable increase of off-sets ; which leaves being cut 
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down, at the time of cleaving the quavters in the autumn, are found to spvirjg 
up again in the following summer. » ' ✓ 

• Respecting tl^ produce, the ^arae gentleman states, ‘^Six leaves have pro- 
duced me one ounce of fibres, vi»hen scutched perfectly clean and dry ; at which, 
an acre of land planted with this crop, at three feet distance from plant to plant, 
will yield rather more thifh sixteen hundred weight per acre, which is a very 
great produce compar*d with that of hemp or flax. New Zealand flax may be . 
scutched with little labour or trouble, and may be performed by persons ir^ 
common. The leaves should be cut when full grown, and macerated for a few 
. days in stagnant water, and then passed under a roller machine properly 
weighted ; by this process the fibres become separated, and if washed in a run- 
ning stream, will instantly become white. When the fibres are thus scutcjied 
clean and dry, any kind of friction will cause them to divide into any degree of 
• fineness in the harle, so far et^, as to cottonize ; whereby it is fitted to all the 
purposes to which hemp and flax are adapted.” 

This plant is, at present, imlfer cultivation in several parts of England and 
Wales. It will grow in either a moist or a dry soil; on a hill, or in a valley, 
but #nost luxuriously where there is an abundance of moisture. 

New Zealand flax has at length become one of our established manufactures, 
and is now wrought into farious articles of commerce ; every improvement, 
therefore, in, its preparation, that will economize the process, and extend its 
Useful applications, is well deserving of record. Accordingly, we subjoin an 
account of the patent granted to Mr. J. Holt, jun. of Whitbj', in Yorkshire, 
desigaed with those views. 

In the manufacture of tarred cordage, the chief obstacle to the employment 
of that strong fibrous vegetable materiai, known by the term of New Zealand 
flax, (but which also comes from Manilla, and other parts of the East,) has been 
the apparent impossibility of making the fibres absorb or unite with the preser- 
vative fluid. In consequence, the chief use of the New Zealand flax has been 
confined to the preparation of white cordage. The patentee informs us in his 
specification, that he has discovered that the ultimate fibres of the flax are com- 
bined and enclosed by a coating o> adhesive matter, which requires the applica- 
tion of some chemical solvent to set the fibres at liberty, and adapt them to the 
reception of tar ; and the solvent which effects this object completely and econo- 
‘ micjlly, he finds to be a weak solution of potash of soda. His process is as 
fojjows : — » 

The flax having been heckled and spun into yam in the usual manner, is in 
a suitable state for the chemical procedure ; which consists in immersing it in a 
solfttion of potash or soda, in the proportion of half an ounce of alkali to a gallon 
of water, which may be either hot or cold. When the flax has been thus sub- ^ 
*itted to the action wf the alkali for forty-eight ho;^s, it is to be taken out, 
wwiing, and hung up to dry, either in the air or in a stove. When dried, the flax 
will be found adapted to imbibe the tar as readily, and hold it as firmly, as the 
hemp in ordinary use ; in performing which process, and all that may be subse- 
quent, the*rope manufacturer need make no variation from his accustomed pro- 
ceedings. There is likewise included in Mr. Holt’s patent, some improved* 
mectanicsj apparatus for depriving the New Zealand flax of the hark and skin 
with which it Vs found combined in the commercial state. A kind of grating, 
made Jither of iron or wood, is provided, consisting of a range of parallel bars, • 
.the whoft forming a right-angled parallelogram, having its two opposite longest* 
sides inplosed by vertical boards. Tlie bars in their transverse section are 
taper^^ with their narrow ends or sides placed upwards in this frame ; but 
another similar frame of bars, which is made to fit and pass over the former 
has ha bars with the narrow ends or sides downwards ; which arrangement 
gives the respective frames of bars a tendency to interlock in the same man- 
ner as toothed* wheels ; and, therefore, when the raw%ax is spread upon the 
lower frame of parallel bars, and the upper frame duly loaded, is laidoWr the 
flax, and passed backvtardaand forwards, a powerful and uniform rubbing action 
is produced upon the flax, which opens the fibres, while it separates. tlw -bark 
and other extraneous matter, which falls through the bar ol tbe lower fixed 
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fr^pib, and is collected underneath. For the convenience of supplying the flax 
^ ,to the lower frame, thejatter is at the middle divided into two portions or flaps, 
which open like the Hds of boxes, but meet together when down with serrated 
teeth, for the purpose (we suppose) of holding ^e flax in its ^ace whilst being * 
rubbed. 

ZEINE. This name has been given to a substance obtained by Mr. Gerham 
, from maize or Indian com, by infusing it in water, then filtering and treating the 
^ndissolved matter with alcohol, and evaporating the solution effected by the latter 
liquid. He thus obtained a yellow substance having the appearance of wax, 
and of a soft, tough, elastic nature, and heavier than water ; resembling gluten, 
yet affording no ammonia by decomposition. 

?ERO. A scientific term applied to the commencement of a scale, and 
marked with an O. It is the point or beginning^om which the scale or distances 
are graduated. Thus, the zero of Fahrenheit is 32° below the freezing point of » 
water. In the centigrade scale, the zero is maff? that of freezing water, or 32" 
of our scale. • 


ZIMO.ME. Tlie gluten of wheat treated by alcohol is reduced to the third 
part of its bulk. This diminution is owing, not merely to the loss of gliadine, 
but likewise to that of w'ater. The residue is zimome, which may be obtained 
pure by boiling it repeatedly in alcohol, or by digeJting it in repeated portions of 
that liquid cold, till it no longer gives out any gliadine. Zimome is found in 
several kinds of vegetables. It differs from gluten in its mode of fermentation, ^ 
and varies in that respect according to the nature of the substances it comes 
in 'contact with. — l/re. • ’ 

ZINC. A metal of a bluish-white colour; of considerable hardness, and so 
malleable, when pure, as not to be broken with the hammer, though it cannot 
be thus much extended. It is, however, easily rolled into sheets, by the flatting- 
mill; and in this state, it has recently been brought into very extensive use, in 
the manufacture of pipes, gutters, and a great variety of vessels and utensils. 

Its specific gravity is 7.0. In a temperature of from 210" to 300", it possesses 
so much ductility, that it can be drawn into wire as well gs laminated, for which 
process, a patent was granted to Messrs. Hohson and Sylvester, of Sheffield. 

Zinc melts at about 700" Fahr. ; by continuing to raise the heat, it soon after 
becomes red hot, and burns with a dazzling white flame, and oxides ^ith such 
rapidity, as to fly up in a floculent form, which is called the flowers of zinc. » 
When these are urged by a strong fire, they are converted into a clear yellow 
glass. 

In the ordinary method of preparing the sulphate of zinc, or spelter, the ore 
is exposed to the heat iff a furnace, in a melting-pot, from the bottom of which, 

- a pipe descends into a vessel of water, for the purpose of receiving the metals 
as they are melted, and fqf condensing such portion as fviss off in the form 
vapour. An improvement upon this mode was the subject of a patent, abqgt 
fifteen years ago ; in which it w'as so arranged, that as tlie zinc volatilized, the 
vapour should be received and condensed in a separate vessel, leaving the melted 
metal, such as lead, and other impurities, in the former. An improvement upon 
'this mode of operating, was lately patented by Messrs. Benecke and Shears; 
their process consists, first, in a peculiar treatment of the ore, previous <o its 
introduction into the furnace; and secondly, in*a peculiar arrangenient of the 
■ retorts, and other appendages, by which a more convenient mode of charging 
»the retorts is obtained, and a purer metal is the result. * , 

The ores are first to be roasted yi the ordinary way, by stratifying them with 
fuel, and setting fire to the pile. The ore is next spread out in the air, and 
lixiviated, to separate the sulphate of zinc ; it is next to be dried, pul^iized, • 
and roasted a second time, until the sulphur is extricated, when it shquld be 
powdered again, and m^ed with wi equal quantity of carbonaceous matters, 
such as powdered coal, oliarcoal, cinders, &c. ; in this state, it is ao be saturated 
with on alkaline ley, or a solution of common salt ; the solutionsJvarying afticrd- 
ing to the nature of the ore. Calamine, or other oxides of zinc, will require 
only to be pulverized and calcined. 

With the ores prepared as before mentioned, the retorts are to be charged i 



the neck of an earthen head-piece h ; the lower, d, is square, for clearing out 
the residuum after working, w'hich is closed during the distillation, by a 
stopper, and luted. The head-piece has likewise another tube fitted to it, and 
luted, merely for the purpose of lingthening it sufficiently to allow the vapour 
to cool as it descends, and to condense upon an iron plate beneath, as shown in 
the lowf^t figure in the diagram, which represents a cross or vertical section of 
• a reverberatory furnace, in which a double row of such retorts may be supposed 
to ^e arranged, with a long aperture between them, where the fire is situated, 
wFiich rests upon a grating over an arched passage that communicates with the 
open air outside the building ; this arched passage has^ door, by the opening 
and shutting of which the heat of the furnace is regulated as may be required; 
and through one of the ends *of this long passage an •^rerture is made for 
jf-ipplying the furnace with fuel. The earthen head-jfeces b, it will be observed, 
li^ye an aperture supplied with a stopper; through these openings the ore and 
carbon, prepared as before mentioned, are introduced in sufficient quantity, bv 
means of a ladle, into the body of the retort, when the apertures are closed and 
luted. TBe operation of distillation then commences ; the zinc, which rises in • 
vapour, passes into the head-piece b, down the pipe c, and falls upon the iron 
plat A beneath, in a condensed jtate. 

By’ the arrangement described, the heads and necks of each retort are placed in 
a squaje recess or neck by itself, by walls built out between them, so that each, 
may be perfectly closed in by a door from wall to wall. The doors are made of 
latticed wire work, for the purpose of holdiitg clay when plastered over them, 
for the^rpose of effectually confining the heat within the furnace ; each of these 
• door5'‘ras a centred eye-hole, provided also with a stopper, for watching the 
progBejs of the operation, and for enabling the workmen to determine the degree 
of heat to be applied^and other circumstaffces. By Mother arrangement the * 
before-mentioned patentees propose to erect furnaces vnth several tiers of cylln- 
dricaPretorts, pRced one above another, with their necks or heads projecting 
beyond the front wall. The fire-place is covered by a low arch, to prevent the 
fire acting too violently upon the lowermost vessels ; but throu^l* the arch 
apertures are made for the circulation of the heated air amoae t*® vessels above. 
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Tke carbonate o^zinc, which is employed as a white pigment, is manufactured 
^ pouring into a solution of zinc, in sulphuric acid, a solution of carbonate of 
ammonia, and afterwards washing and drying {he precipitate. The next im- 
portant use of zinc is in the fabrication of those tiseful and beauftful alloys with 
copper, called brass, prince’s metal, &e. See Alloy, Copper, Brass, &c. 

Blende is the native sulphuret of zinc : the two Substances are, however, 
• difficult to combine artificially. The diluted sulphuric acididissolves zinc, giving 
(ftt much heat to the solvent, while hydrogen escapes. An undissolved residue 
is left, which Proast says, is a mixture of arsenic, lead, and copper. The white 
vitriol, or white copperas, as it is usually termed, is crystallized rapidly, resem- 
bling loaf sugar. Sulphurous acid also dissolves zinc, sulphuretted hydrogen 
beir^ evolved. Diluted nitric acid rapidly dissolves zinc, producing much Iteat, 
with the extrication of nitrous gas. Muriatic ac^ operates violently upon zinc, 
disengaging much hydrogen. The phosphoric, fluoric, carbonic, acetic, suc- 
cinic, benzoic, oxalic, tartaric, citric, and other acids, operate upon zinc, with 
various energy. The zinc is precipitated from ^ts acid solutions, by means of 
the alkalies and soluble earths ; the former re-dissolving the metal, if they be 
in excess. Most of the alloys or metallic combinations with zinc, have afready 
been noticed under other heads. 

ZIRCONIA. A metallic substance, discovered Ri the jarzon of Ceylon, by' 
Klaproth, in 1789. It unites with the'acids, is insoluble in the pure alkalies, but 
soluble in alkaline carbonates. It does not melt before the blowpipe, but emits 
a yellow phosphoric light. Strongly heated for several hours in a crucible, it 
undergoes a species of fusion ; having then some resemblance to porcoJaii'i, 
strikes fire with steel, scratches glass, and has a specific gravity of 4.3. « 
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